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introduction 


A sy radio reccivn [ohifI* of J± number of separate suitably 

intereocraecML, cadi stage rrprwcnilhj tilt equivalent of an 
■ Tfjtr cwiH' 'building block 1 . TIjc three basic 'blocks' nrc a (mud cirnn'(, 
to ourart rattin ssgnaLa from the ether; a dttator^ to turn these radio 
signals into aKrfje frcqvmrj signal; (or <tjT} i and an elretro-iticchanicaJ 
device u> turn these af signals lute sound (cither headphones or * 
loudspeaker), 

Thus t he simplest lunabinduon of'blocks' is ; 


*. Lr» d c incu 11~| 

r -l—, ‘ 

a-iMrhjr 

——^———i 

1 | CM IhJlF H if 


This rrrjn hi Elation has the partiruEar limitallxMi uf providing only 
very lav strength vf tijjnili— bo weak, in fact, that they would certainly 
not weak a speller, and only give very weak signal sircngilL in phones. 
Without going to muFe "bLocts 1 the oidy way in improv* ‘listening 
strength' is to add an cntemal aerial. 



**L*rral 


Much heeler results are possible by adding further "bluets’, especially 
orir which cuagikiflet or aoipUJits the signal autpnt Fomi the detector. 
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This (bnr*ljluLt combinauon ran work quite we]], aj»d an external actia.1 
may not be nrersaafy \ although on advantage in umie cMci] r Aim it 
ir*n be made to operate a speaker., 


t-nirmi 


~t 


circuit 

n 


E 


riaUetAr 


I 
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There are limits to wh*t can he done with af amplifiers as these will 
magnify 'nose* and distortion, as well ai the required df signals. T hus 
a further step, Eft to add another block to improve the nignxl C|LLiility In 
some way or another before dciELtkitt and ampfificition. At this point 
it should alia be pcsEihle to dispense with wt external aerial. 


iLniBd circuit 


, *'iE»ie) , aial'U' ® 
1 Irnpf-trvlno 1 block 


« Ik lor 


|*-l, ■TT^nrif| 

| ipudMXBiier | 


A simple solution to the 'improving' block u a regenerative circuit, 
which may also be designed to work as n detector as well. Thr mure or 
less universal solution En modern radio receiver design, however, is she 
Lidchpcimi eif a ru/r ;)\rt front end. This has (he effect of extracting a 
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rignul frequency intermediate between die radii* fuqwewty [rf) picked up 
by tile tuned circuit, Vrltfcfa infrmt&lU fritjunuy (if) lm ilself be 
ampLdied before being passed to the detector stage. 



That, in fact, is as far as it isi neceaury tu gu fur sacMaecory reception 
of long vrise and medium wave frequencies or iirnplitmlr moduluted 
(AM) h madras is. Very High Frequency (V'MF) or frequency Modu¬ 
lated (PM) broadr-nii, however, poic fuither (umbleins for site hoCijiv 
od'the (fflignil is different, m well n? ihe signal frequency being much 
higher. The lacier means that the conventional form of tuned circuit 
fur AM (usually rmnprilillg a ferrite Cod aerial) Ls Em iQjjgH’ suitable. 
Instead au external drf «U aenal j* nrcrsjary. Superhet working ii mciti 
or less obUfaMUy, so the building blocks now become; 
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Beaune rjs“ the higher signal frequency at which FT'.f is broadcast, It 
b also dcsirubLe to (hr tacotniiiK p/'signal, ao one more block 

i_j.ii Lr luildrd with. advantagt r 


( clloole wriel 

| iLrnd Circuit 

I . 

' fj.fr wrp! liar 
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Finally, uf ciyune, yrm may want to I mild in jVMyFM radio, when 
some of the blocks hove to be duplicated, the appropriate “blocks' 
|jL'ij:t r selected by a. waveeMnge switch t 


M'Cl'C-o fM Mclliirt 
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luned circuit 
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1- 


|lit+ wiiplLnar| |t.f. ornpi nw| 
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It is the purpose of this book to describe and illustrate i he design and 
working diaraeteristks of the various 'blocks' from which j-adiu 
nxonn can fir constructed. In some cases there arc mure ut less 
standard designs which have evolved, c.g. fee tuned dtcidta, AM and 
PM de Lectors, superset Eoj*evn$ri|]atoni, if amplifiers and e/anipltfucri¬ 
le would be difficult to improve on them with simple eunitntcrio™, 
TV main field lor experiment la pteoible rcmiMniitkws of these various 
'block#'—and in partir-ubir the numner in which obey should be <#**■ 
nected together or coh pittl for most efficient witt-klng. 

Hy Heating all else major subjects separately it is hoped that the 
various deugn principles will have been made dear—and alun bow 
“standard' types of’boxes 1 can be eoimretrd together to make a working 
unit, ft is also slsiuvas bnw additional ample riicnibi can be incorporated 
to improve the performance of any bosk; dniicri. 
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CHAPTERt 


AERIAL CIRCUITS 


T he ccnivrjjtji m.p.1 arna) riTirtiit or ranW aradi compel a variable 
capacitor in parallel with an inductance [physically, a coil). The 
frequency (fj at which such a circuit pi rtnajmt h given by.; 

f ~ irry'LC 
f = frequency lb Hi 
It - ■ inductance i n Isenryi 
■C = capacitance in farads 

A practical version of tlih Jormuia ia: 

t _ iSoono 

v xc 

f =- frfijLIrtWy in fcH* 

where L — inductance in microbenryu (jjH) 

C = capacitance in picofarads (pF) 

Ji i ;m t>« noted here that a practical Inductance will -dscj Iulvt a 
certain amount of ttiuiamrt, and so the njiuvaU'ni einruil ii ns shown in 
the second diagram an tig. j. The presence of such resistance does nor 
alTect liar Tesmvari! /™p*urp of the circuit but rmly the shapmss of die 
romance of the circmL Tlita contrail die qnahlp fadvr of the tuned 
circuit :,itt latex). The praetrcaJ L-apantanw also has a certain amount 
of j L'3uc.mri’ r Ijui this is normally negligible except at very high 
Ehfiqueociei (50 Mi Ik and above). 

By Fixing one component value (c.g. inductance) and making the 
other variable [e.g, capacitanccd it i* possible to adjust or tune die 
circuit over ji range of resonant frequencies, Theoretically, uii tlaii 
it is posable to design a tuned circuit ra covet rlii~ whnlr 1.11 up’ of 
lin:.vdcas( frequencies from the 'rap 1 (wavdmirtlij ---nl of the long wave 
band [30 kHz) to the 'btnum' (wjtvtlength) end of the VHF band 

*3 











i'jg. ■ CapatiLincie | C‘i njid Indue L&DDt L fDjmmjf a timed clreuLi 

(j(Wl MHr), Till! is not it t ralii lie ktluliiiit h At id k> turn'd drtuifi aft 
designed lepiiriitrly to cover individual broadcast bauds, c.g, 

L/wg hup* (or Inw rTpqncnryi—3)0"lt.3i) fcHv: 

Mtdutn amt {or medium frequency)—300-3000 kllz 
Short waif (or high frequent} 1 |—3-30 3 d Hr. 

VHF JO- JbCi MHa 

In praiidc*. In find circuits MS ddguni In fttvcf the Aclinl spread of 
braadc-Mt nations operating in these bands, e.g. 

I-flng wane—50-151:1 kH* 

Medium wave—joa-ijjoo kl Es; 

Short wave—t-B-iB MHa 
VHT «e-tiiu MHi 

A signsikitsii r.u-1 h iIiul the actual frequency ratine covered iiiereara 
euntidrrahty with deerva^iug MVsNgtl) uf tlirae lirnLLikait Ij.iruli, r.g. 

Long wave—range covered 100,000 Hz. 

MediuEti Wave - range cirvercd 1,000,000 Hr, 

Short wave'—range revered irfi.ooo.iiOo H?. 

VHF -range covered 13 , 000,000 Ht. 
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This mdkoj die design of acrtaL circuit* increasingly critical from 
long wave upwards (in frequency). Again, in practice, thii means that 
bujttc-madc coils are seldom Htitobk for other dun sIi[l|j 3 i, long wave 
nnd rnrdi'tm wave fuedvera. Even then, proprietary roils ;i.!nui*i invar¬ 
iably give better mulls bctftu*e or the better gairitfv jmkir: {or f£) 
adtieved. NtVri'Lheless iL is interesting So salver tlic design of triple 
aerial coils. 

The simpEett type of inductance it an open euil ol insulated wire 
wuund on a fontutf of insula ting material, w il cun rven be «lf-flti.ppijrt- 
ing IT the wire it illicit enough. In dte latter case the coil is wound on a 
mandrel and then alid off, being mount «1 cm Uw wire ends (Fig. 2). 



Fig. u Arr-meed thiLihg rml Ctiil vn IcR it wound on a former. 


The i.'.'iVuLj.v.nrj nf such ;l roil is found as follows: 

inductance, microhenrvi = ^.— 

gR + ioL 

where R is rite mton radius nf the coil in inches 
L b the length of she coil tn inches 
N ii the number of turns 

The «ITpci hiF wire dinmifTK not significant, provided die coil diameter 
Ik reasonsbty large, he. t in. {25 nuuj or wme. It ii thci'eJbie foiikrd to 
use quite duck wire (iB s,w.g. ur ib i,w-gr) in order to minimis^ vuil 
resiitinee, 

Siippnitc such a .-oil is to be designed as the indue use cetnponenl in 
a mtdium jem? tuned circuit. The resortom frequency range required if 
jyiKi to 1500 kite. Considering Liu- nquiromm, Jint in terms hjL rise 
product of L and C, frcnii the tviunant frequency fermuial 

*3 
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U3 = jlfoWO}" 

Thus at f m joo JcH*, IjC = 

= 3 Oi 41x1, jay too 000 
_ T _ (ifioooo) 1 

At- f = [4™ Ubi LC = - ,' T5 nn'|l 

v e 1,300, Kay I 1,000 

For a fixed value of inductance, maximum capacity will he required 
to tone to the lowest frequency, Lr. the highest c*l. glared value of LG 
required, Typically available variable cvptdtki oiler a mag* of o-®» 
pi'or 0-500 pF, Chooricig the 0-500 pfske, at rafcuwum capauty: 

L Sc 500 “ 3 00,000 

tuf Inductance required -*■ ffoo microhenry*. 

Using the jaflie induettftff, the ufrtent tapadttlMe required to ume 
to ilse other end oF die baud (SJ 00 LilzJ would be: 

aea x C min 1=- 11,000 
or G min — 55 mkrobenry* 

Thus a aoO inductance would be a suitable; match to 0 0-500 pf 
capacitor to rover die range required. 

To simplify Lhe coil design we can 'gmsatirn-’il r" a length of 1 in, 
and a coil diameter of t in. Inserting the* values in the appropriate 
formula: 

„ , ,, (O'iP £ 

^ - a *v 5 + >« 

fill = ctiiyaN 1 

Iiucrtiug tlie value oF inductance required {boo and solving Fnit 
number uf mrns: 


ool^a 

= 10B rums, or say 100 turns, 
16 


AERIAL CIRCUITS. 

Clow winding coo turns of wire the length of i irt, would permit the 
use of a maximum wire ?lio oF 0*oi to-, say 3d s.w.g. To Use a larger 
wire siv r it would be necessary to increase the Ichgtb of die coll and re¬ 
calculate the number of tuna required accordingly. 

A its^uMW coil would require nnre turns' arid a short-wa-ve cofl lea 
turn* (perfcapt only otic or two turns’;. 


O Fsctor 

The effect ofwirJbnra in the tuned circuit is shown in xirtiple dlagrom- 
tiiadt form in l ; ig. 3, representative nf si resonant dicuit. The current 
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Fig, 3 The find otf ftilut&K atiil Q/arior on ihscyncn of suuinii- 
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flowing Li'i a resonant circuit peak; ar the rcttabnl fm;[UKtn:j.- and fulls 
off sharply i.m riiLtcr ride. The Wei- the rerttiMw pnesenl,. the. higki r the 
peak (mere current flowing) arid the sharper it la ;the sharper die 
tuning), Resistance values ihowa are nomimd only (n i I hen rate this 
effect. 

TLia can be put .another way. The shape of lIli: rtsojiassr. curve is 
dependent on the respective values uf the rtatianu on cither the coil or 
capacitor and the rrsfi.itancc present. The raciu of the two ia known u 
die ^factur, when 

_ rtiactance (X) 

^ resistance (R) 

Reactance, in ohms, am he calculated from the following formulas: 

In the ease of an inductance, Xi. — av fL 

In the case of a capacitor, Xc- =■ i )atr IT, 

At resonmX frequency the reactance of a aid and capacitor arc the 
saiuu, bo it doct not matter which is considered. -V i.inipln calculation 
will prove this, taking the previous values calculated and * resonant 
frequency of juO kFte, Namely: 

inductance — 2 on jiH 
ra.padlliuC£ = 500 pF 

Thus Xl 2 w x 500 X to* X sn» X m - * = foB ohms 
Xc - i^s x 300 X id 3 ■ 500 ■: in -11 = GaSotuni 

The rwijiaaft dxFcrs, to the tfpwmK reilftance to rf current! in the 
i.Jj l utt, not the dr msastutict. Dynamic: Tredstanrc ia generally known a* 
In the case of ,a simple airncored coil, dynamic resistance may 
rise up in uxj ohms or more, yielding a Q_or leas than jo. Very much 
more efficient r.opb can be produced with Q factors railing up to lob 
Itn very much higher in certain cases). These are invariably wound on 
a non-ecitiducujig magnetic core, rlthet of ferrite or iron dust bound 
together with an iiisitJaior. The actual v-ulmt of achieved has tin- 
same effect ns that illiiatiuied in Fig. 3. The higher the Q_ value the 
sharper, and higher, die peak 43! the curve. With rlneruasmg Q. value 
the turnug becomes broader and the peal value it reduced a^ ahuwn it! 
l-lg. 3. Sharpnrsi of tuning 15 always driirufrlv U] radio rexrivcri u it 

4 ft 


VW 

! or I to □(□to 

wM 

Torrlhr rod awWs 

|'i K , 4 lLx.it forms uf serial «Ut WtWIMl an s ferrite red nr ferrite rinbs 

gives good rf&cftriij, or die ability to separate one station from another 
when the iwg are closely spacitti on the frequency band, but see Lalcr 
under Mmhttatfd Signals. 

Ftrrit* Rmi Aerials 

In simple terms iuuoduedon of a ferrite or similar magnetic material 
core to a coil greatly increases iu inductance. This mrcmi that the coil 
ctvn be made much more compart thug requiring lew wire _ length and 
JtSS nsfamcr. A JinaOcr wire rile can ibi be liSlcL Lvithout Ii icmt[u<xtig 
excessive resistance. Unfortunately no simple formulas apply Ibr the 
design 1 if Mnii coils, for the sitte and number of turns required are related 
to the ante Hind type of magnetic core material used. They are therefore 
designed on empiricjil or smd-rjiLplric.il Linea, the latter usim: charts 
related to the specific material properties, 

Simple coifcf of this type are wound on standard ho* of ferrite ttmJ 
or Ferrite dab, either as tapped coils or inductively coupled colls- 
Fig. 4. Anmc design data arc given In Table 1 't-nd uf chapter,'. 

One other advantage offered by Voted' coll* is that their indm ranee 
ran be varied, if nec.Kit.ijry, by altering the position of the cod on the 
core. This can be a very useful Feature for adjusting: the resonptu 
frequency range of a tuned rirruli independent nf lIlc variable capacitor, 
t.g. for jetting up in 'trimming' purpemet Once adjusted in ibis. vray. 
die coil is then utuaQy lucked to Lhr rmn (c.g. with adhesive m hard 
wiLSfl to ensure that it remiuns at n listed inductance. 

The "Q 1 of a coil can be further inffueaced by special foma of 
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: SEhSITIVjrY 


'earthy 11 ©OS- 

Fi|f. 5 The lapping ptiiai! un tin- i«UJ ■£«] aflecu ■declivity and enuUiwily. 


windings whi^ti can unly be tackled 'uccrawfully by wdjidj jic; mach- 

ineq. This La another ti ,i .;ci why pjuprictary acri.nl cuib air* (afoiOft) 
invariably beLter chan home-m tide goiU- 

S-elctiJvity and Scnriitriiy 

Srlfctiuij ut the ability to tune sharply already been explained. 
Smitiril? ia the ability uj amplify the very wr.nk jf ugna.k received in 
the aerial circuit Id 9 practical output level,, both as regurds signal 
strength and depth of modulnrioib It is thus just as import-aTU ai 
gdedrity for saiitfaetcify receiver performance, Built selectivity and 
sciultivity increase with lncraurii^f Q. r bui the two are not nsaaiil) 
compatible r 

As a harir sample cake the ample form of tinted circuit with a 
tapping point on the £H>il Tom* tonnee ting directly to the detector stage* 
as in Fag. ij. The cud of the coil eotinecied tc the earth of the circuit is 
referred to ju die ■earthy’ end. I’he tapping point on a coll noimally 
comes about one third thr length (number nf turns! fruin lids end od' 
die coLL If this tapping point is moved up toward' the othiir ut 'hot' 
end of tin chiLL, This will have lh« rfTrci of increasing ttlrttmt? but 
reducing signal strength or srtfsrhJTtr. GnnvmeJy, moving the tapping 
point towards the 'earthy' end of the coil will reduce selectivity, but 
increase sensitivity. Thn, In fact, is one way of ndjinriifg ihr selectivity 
and Kftdtliity of a simple tuned circuit of this type, the aim hem# to 


MUIJAI cmotrjTa 


arrive at an optimum tapping point whirh givia die best possihle: 
csaanpMttiise between selectivity and sensitivity, In practice this rlnwi 
not necessarily ttimh physically alter! ur tlic upping point. With a 
simple Lull it is more practical to add turns at one mtl anti remove 1 ut 111 
from the other In 'shift' the Lapping point. 


Modulated Sii^iials 

ir is posable in iiii n ieiL- the Q iiLaj.ti.ri hie- from coils to v^-ry high 
Icvi-ls., using some form of positive feedback to ricu LeaLLio, or partially 
neutraJijm, i r<iru.u ni- brasci. This would seem an ideal amtigtracnt 10 
get very sharp tuning. However, tuning cajj t>c elide loo sharp for a 
railin receiver as, it has to accept not a single frequency represented 
h-v the r/ mnnire wave, hut a whole band of irequcnrics ri pi^stnling 
the moduloied signal* otherwise or eJji- af cotLtent may be 'tttnnl 
Out' ur t-ui off. 'Oils is particularly true in ih<- rju, «L' I'M rceem-n* 
w3icse the ripnd represent: .l hAmhnidth rather titan a ijjrdfu: if fre¬ 
quency. It is in this resperi, hruh Hit AM and FM radio working, LtLai 
(he superset receiver scores since it change}: ihe rf carrier and in 
sidebands Ip .l single (lard Frequency,, known as the inkrmztfiata/rrtjtwnrj, 
and so selectivity can be shaipty prufcrd. 

blearing Twn StitivDi at aunt 

tvern the Biiperhet receivrr is mil inirnune from inlerfei tnce, how- 
twf, and simpler receivers conride-nibly Irat sc*, din- to whnl :i known 
.1:1 .■ ?n r>..■ .iJij^rJiiUn. Tliis is caused by the prewner of a strong rignal 
nenr to. but not at, the frequency in which the receiver is Luneri, If 
very much stronger than the actual 'tuned' signal, il can 1 Jki lively 
modulate chat rigtLid- In, other words, although the set is tum-d tu a 
particular carrier wave fooquttney wlucli lias its twH uaoduLTlion, ttus 
carrier is now subject to rooduU 1 Luri from the spurious lignuL ihus ihc 
carn-cf fpequtocy to which the set is tuned is actually Harrying fife af 
progrtmmejs. Ht-n™ iw-n statJons ace hetud rimuluincouHly, 

This it soTrieliiiag whirh i\an readily happen cm thi medium viiLti- 
hand, especially when the set i* tuned iu a jelatively weak stntfoti and 
has it much itrotifitr staidun signal prestitu cLose to 'hat p.-irriculaf 
kccpiirjjiy, The i .mse inay not lie in impruviug the «lertmty of u 
tuned Hi. 1 in w much jm implOving tilt : ! ■ ■ irrr^’ of a del ectiil I- r u is 
at Lhiirtage that ihe tmuhle will diuw up. -Sbarpei Lituirg i.i.r. better 
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selectivity; .diouJd help, however, for the sharper the tuning the more 
a tuned circuit, will auiiwiwtxail} tend to reject any rTnss.iiuxJiiLatinii. 

firms rnihLnLiiic'ii cinra nut occur as j pioblctn in the design of VHF 
receivem, which is why the I'M band give? better eeDcptkiiL. 

Loft ArnaJi 

'Hie loft is the logic-d place to put an Httfiuj aerial to improve 
reception in axcas white radii* reception tends to be poor, It ran hr a 
niyie dipole nr a folded dipole, preferably airanged tcrucally so as to 
be non-directiona], nr horizontally lined up with a particular trans¬ 
mitting nation. Its perform amre can hr improved further with the 
addition of it rtfxTftr and dir/fion. Thc*e arc diuir kngths nf wire or 
tube which ant u 'fake' aerials (or paimitk actinia, as tbry are cuikd), 
with beneficial rjkcri if they lire pLaced (u specific positions —su Fig, £. 



Ft, t Th* iLmple folded dipole i r rial az&dalcd with n rdf|rt-iair »n(l dlfCCtVn, ,>e 

'jitcruLuc. 1 seruU. 

\ rellector needs ro be nbwt tlu> satne ImRili os a dipole or slightly 
lonficr. located a quarter of a wavelength away about t; in. in the 
case of a VHF radio aerial), Thu will have rbr rfTrrt nf sEjcngihctunft 


ABRJAL LlHCftr' 


the signals coming fora the Other 4j(k and, more important still., rrduo 
jug interferracc Cum the aide on which the reJlccuw is. 

\ fa^e aeri.il pip, red ott Lite uppoaite aide to the reflector will have list 
effect uf improving the tuning eJaaJutEtrktici of the aerial, -ag.-un 
provided il is the right length and in the right puHitirm, It need* to be 
shorter than a dipole and about cwse-icnth of a. wavelength away riTitn 
iL Eta actual length and position will akcr die phase relationship 
between the voltage and current induced in the dipole aerial. lit ita 
optimum position it will improve the tuning characteristics for a signal 
ensuing from tin- director-dipole direction. Further iittpruvcrnenl may 
he obtained by adding nil! muse directors, each one sfoirLvr than die 
prevlouK uise. This- also reduces the imjwd.ime of a dipole aerial, whji'h 
is an advnnhage for i jLLl matching when using a folded dipole. Folded 
di|xsles typically have =10 impedance of goo ohms, although this is, 
reduced by a rclkctot atid director. They may mill need a balancing 
transformer or Mtns hr match a receiver aerial riicuil foil by a y^^rrism 
■Cu 4 uu jJ cable. 



Fif. 7 Riliban-iype faMtod dipole wire nrriil with nil n|n tirr frnlr^ Impedance 

at joo ahju. 


A simple folded dipole cun Imi made Dun a single lengih of insulated 
wItc Arranged in the form of an mulinr T', m shown in Fig. 7. Spacing 
between the wirea should be t in. The paT.ilM ‘leg 1 nfi he L T h fomss the 
feeder,, with an effective impedance of 3cm ohms. A simple- ■ .uid 
iiwu.pi'iuivi' -Indoor aerial of tltis type should be readily available Irani 

a 3 






























UUILDFNfl AND btiK.SLNfi TH. ANIUSITS 3 * RAOU>a 

radii: shops- us a nb&oi aeri-n i (» pl-urie sibboii with two parallel wire* 
Lncorpc mircL in cadi edge of the 'ribbon' which Ibnra the bar of the 
T, and also in tlir irptuTHe ribbon forming the 'leg'), 

Quite cbiboraw: aerial forms cowriting ur a dipole and reflector jmd 
director: mini for (derision reception, ■whrrr even high r broadcast 

frr^u-Lirdra are involved. Wh.ii may appear puzzling at foil ii ilLat all 
ihe nniij :cn'n to be electrical!}' connected, i.c. folded dipole, reflector 
aod directors are all imiuJstcd on a common metal rod. In fact no 
cli'ci: li a! connection Li im-cilved M the centre of a Iblded dipole aerial 
Li at zero potential. 

Table i. Example nl hlriliiiit,wiK Aerial CWt WlmUej* Matching 
Timlnc Cipirilnr « jM pF* 


Ferrite K»tJ <fo-t wire lire no, {if turn tnjr nllTTnnUvf 

Ik. mm i-w-l- « coupling 

Cell 


f 6-J 

■|fj ar '|3 

Ba 

fm iuliu 

: J j turm 

A' B 

H0 ar 38 

7“ 

!i5 to™ 

15 Liplnl 

Y w 

al'i ar 33 

fo 

50 lumi 

I D ' 13 lurrif 

Ferrite dabf 

f iiy irini) X i' (3 min) 

darjl 

iw> 

ia Lurru 

: d vanii 


* I rx Trane mum by approximate I v si r » |ei i.riii in maicb a a-jvut pF l.uiihn 
cxpacEtor. 

t E,mgib it liin impair mil. 


CHAPTER Z 


AERIALS AND AERIAL COUPLING 

S AT El F AUT OK T prifnirpu nVC tan Usually be obtained fti-r foftg wavL- 

acud iricdiutLi wave reception with a simple ferrite rod aerial fitted 
Internally, although this will he very directional. The rod is luuaLly 
rmluntcd horizontally (or intended to be used in that attitude}. It will 
produce maximum signal strength when :li (® the direction 

uf rite transmitting station'! aerial, with falling stri ngs]: at any tceacr 
angle, raadsinjt a minimum wlsrn Use md a pointing fowkr th the. tnkrH- 
milting aerial. This, In fact, rippliei to any aerial formed from a ™V or 
Ux/p of wire, Maximum signal .m-cugth Li received when a luup is ait lint 
mil', she ti-jaairoiting aerial; and minimum atonal 1 theoretically aero 
signal) when (he loop la at right angle*. 

To rertder such an aerial non Jifecsicmal it is npemury to cotuncct is 
wish ju exiamal aerial, which in it* atmpkii form is n length of wire 
nsn vertically. Theoretically, aE least, such an aerial would wcui on 
its own as a tuned drcuii. if it waa made a resonanl length (,1, 

etc. of a wavelength [im atm Table i at end of chapter). Thi* wmfld 
neceiahatc a very Idgk acrid] to give any reasmtiblr degree of sipnat 
amplification^ and also one Vrhoet lungih would have In be adjusted to 
tujsr to dilFceeat broaden! (roqurnr.iej, 

1st pradicF, theirfLut, any shorter length ran Lie used, connected to 
;i conventional tuned circaii as Iel l' ig. 3. I 'he latter is then used to 
adjuai Use resonant frequency of the whole. Since the actual length of 
aerial wire n> bur used Es small, compared with a wavelength, (he Inner! 
rirruEt c*n be designed to covet the normal frec|uenc.y range required 
a* in Chapter r. The estrmal aerial is then regarded wmfdy as an 
appendage. Ils addition will modify ilm performance of n tuned cimrit 
to fuimr psliptse. The longer—and (bus the mote tERdent it is—the 
greater the modifying eEFirct. 

This is one reason why (he average radio receivrr fitied wLl±l un 
internal ferrite rod aerml normally has no provision so plug lh an 
external aerial. Gosinecdng an rKii'mal aerial would simply mi.i -1 mse 
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die set, which a calibnrttd against the adjuilmblc tuning rengir pra- 
vided by its own internal tuned rm-uin 

In other weedt, if an external aerial 1 * if he used, the l oiling slwuld 
he r4IUratcd with external .ivriid aLuebed. If it ri lo be provided ai an 
sdditionid facility, t-g. to improv* iraiepuon on weak signals, then thr 
in i’ll .1 id of coupling tu ,]jc *“sting tuned circuit needs [lanicular 
attmrirwt if ELiMuning is to be avoided. In the first ease EL is posable t» 
connect the eJiTrintiL aerial directly to the tuned circuit as lei Hg. ti. 



Fi(. a fliLO-riil nerisl CnliiiectHt In Uie tmirvl aerial circuit. 


Normally it would he connected directly to the 'hoi' end uf the coil, 
lu Lliis should give mspthciuitt jf.ajiiTPifi', fiowrver, better winrJirf/jr may 
he produced if die countedw> ia made lower duwu the coil, at ibe 
expense of sensithri ty. In most prjrtiefd receiver rimuiia. other than 
rlrrmcJiifliy designs, I he aerial dreuai is indue lively couplet) m die next 
ipign Hjf thr receiver. This provides variable control of the coupling, 
and the pcmHWy of better matching of the aerial to tlm input require- 
meats of the stage. 

The principal trouble aHsochied wit h the «se of a simple wife aeria l 
fi that it can have a tomidernkilt: capacitance effect. Tlie fact thr length 
of wrf :il™> has resistance, and thus effectively inductance, is why it 
i'an work on its uwis as a tuned circuit. The ac1n.iI modifying eft ret of 
a wire aerial si not readily determinable, and varies bulb with it* 
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length and frequency of rigmil. Ti could be high enough seriously to 
interfere with chc wurking of a tuned circuit. 

The answer to this «* surprisingly simple—just connect the external 
aerial tia a small value series capacitor., as in Fag. p. The dTeedvc 
apadtUKt added to the tuned circuit cannot be greater than the value 
of this series capacitor and so chD«fftg a ssudl vatue of too pf or leas 
will ensure that the tuned circuit is not mis*tuned to any great nLcoL 
Abo this method of coupling prevents the tuned circuit liom being 



'cjLpacr.mcr ctfceL' nf llic exlcrnij ncriiib w|i".'h Insid* MS Pwdifj iLiulii|j;. 

swamped by inr rxtmial aerial, i.c, the two are ffSfitiMCHiplecl rather 
than mvr-coupled. This should improve hurl: Selectivity and Sensitivity 
nnd very Large aerial lengths tan be used without upsetting the working 
of a tuned circuit. On the other Itatid, if Lhc tuning of the receiver is no 
be calibrated ?r /t.\ an cAtartft l aerial a Hatched, it would be advantageous 
tn uie a higher value of coupling capacitor in order ins make the Oatdfrt*] 
aerial inure dice live. 

As previously noted, ih-- greater the height of a vertical aerial the 
better,. However the effective length cab be mest/aied by llwiilcl-LUik. a 
Vertical wire to a borilonlBl wire producing an aerial in the lijrm «f a 
large Tor nti "L\ The longer tilt horizont*! run thr greater the signal 
strength gEtumlMi in. the vertical wire, t’be longer the Tengri* of 
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horizontal viirr the Ijp.uri, with lilt advantage dial thb it caskr to 
arrange than vertical wring, ThEi again adds a dircctkitiAJ quality eh- 
iIn; arm hy virtue qF a horizontal length which tan be eliminated by 
running the horizontal v,-irr through a "^-degree bend. This anrvusge- 
n3i us Li quite suitable far acramirnadating in a h>fi at tvta in a single 
iraxm. Note: Hie foUfemorinT diaracteristiei of a horionia.1 win atrial 
are the opposite to that of a coil of Ush?ei ai-rial. fi is most effective wh™ 
the win: is in j'l.ur with Lilt transmitting station,. 

There are metre elabartle forim of receiving aerials-, hut these arc mu 
necessary lor Song-wave and medimn-wavt reception with the high 
cftkrrory riJTerctl From modern tuned circuils. In EwC, Emntttal ferrite 
rod aerials are generally qidtr acireju.ur—except For the special, require- 
menu of dbort wave and VHP reception. Coverage of tine former is too 
specialised a miI^ki fua this pFcscni book, but dipole aerials are 
DQHimonplace for FM reception 'at? Chapter ]), 

VHf Aerials 

The conventional ferrite rod venal it lja-vinally unsuitable for VI IF; 
FM rrerption liets.UK of the high indndance of the magnetic core. 
This makes it impossible Eft acntmmndate the frequencies covered R8— 
iik> MHz) associated with practical vnlgni of variable capacitors, A 
Ihvoiiriie firm of aerial b a simple (telescopic) dipole. A dtiglf tele- 
satipLc) vertical aerial of length may ako be iwcd in tennr i :.isi:s, 

A Kuod aerial system is easentfol for sjvtisFacfiuy FM radio recrf.'rrv 
Reqvirevu riir. art also eomplitaltd by the fort lhai YHP/TM signals 
are both highly dirretirnud and also . puiuriifti li.e. radiated; in a hoii- 
eoillsI or vertical plane). The first iituaikm lit met by aligning the 
dipole serial with the broadcast station to get ruudnttmn signal strength, 
The second is- nw< by aligning the aerial in the plane of polarization. 
Meat VJrlf'jT'M aignftb .art litHEVSidly polarized, caking for (hi- atrial 
in !w alit-:u d Eel a horizontal plane. 

The iheoretiraJ reatoiaiiT length of a dipole m- Aaif-amza! aerial is 
calculated from the formula: 

5ffQ5 

rt inrhra 

where FLi the frequency in MHz. 


A A ftl A is A 3i D A EH I AIL OOUPLtJICi 
Th«a to Htatdi a mmiid] middk frequency in die VHP range the 
value off can be lakru 05 [)j Mill-, when 

Length-^ 

95 

— 6a indies, or say Go iitclusi. 

Strictly speaking theoretical length ul i-mjIiJ Em Luerectod for ‘end 
dlcct 1 tosses. and abo ihi: sue of die wire or tube used for wndiKtff!. 
] [nwcvrr hiuic the mate Ii it only uomitij.1 m the middle of the range to 
he covered, and the resonant frequency of the timed rirruii will be 
variable., die actual length used is not that critical. Shari et lengths can, 
also he used in multiples, e.g, go in. nr i j in. Tlie vertical VHP aerial 
can be of any of (brae lengths, A horizontal dipole should have a Full 
fin in. ktijith, ll' tg. id.) Thr o: an: utlict more datiorate forms i^T folded 
dipnlc aerial wliklt can be used, at meoliowd in Cfoapitr r H 


H 



Tdescupw arrials have the advantage that a restmant kngili can be 
■adjusted Iot optimum efFect, IT necessary. Abo the vertical attliudr of a 
tdpsico'pic difK-le cao he ahrred by adjusting the spread- I his. tYf* 1 of 
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aerial can be deigned either to fil on iLc hack of a rtteiwr or on a 
separatesumd. It iiaim usually mcnuitcd k* Ii c^ti be adjusted kUlt Ctln n- 
ally- 

it is csKntnil iliji dipole aerials be eijuisected, to the receiver tuned 
niflujl will: a properly mi teh ed cable. rtjpule :u rials can be taJtru aj 
ofltring a puirty resistive load lc.rr matching purples, with low or very 
livw reactance. Dynamic: resistance ot impidance is spctifiei! iiir various 
proprietary types and tbe*r ari: usually supplied with matching enMea. 
A typical dipole Inu an impedgnrr or about 70 ohms nt Ebr centre, and 
should be connected via, 70^5 ohm cowrit cable, r.g. the riUtM 
type of cable med for connecting *1 TV aerial to iu set. Folded dipdra. 
have 3 higher impidatice, {theoretically four times thal of a sitttpEe 
dipolr, to typically pbom joo ohnuj, btu 1i.i1 is i-.-duccd by ihe effect 
of a reflector ajsd dinectom in (hr case of an aerial array of die type 
already described in Chapter 1. 


dlpcla aerial dlpola a0.ri.al 



Fig, ) t Two meLhodi of e-Mlflinfl > dipak nrflil vW impraUriiiMiuEcluns 

Eranrfnmm. 


Since a dipole aeri:d involves two leads [in die feederj, it uinnot be 
cutiiiccLed simply fo a timed circuit like a simple wire aenal. Lu-tead, 
it is normally inductively raupled to liar recover circuit. Two such 

30 


AOUALf AMD AC-KIAI CQtTPLENC 

method! are shown in Fiji;. ti* In the lint illuslratidn the dipole aerial 
is inductively loupled to the t«mcil circuit. via a centre-tapped trans¬ 
former;, the translmncf also providing 1 he required impedance niaurfL 
The second ahows simpler tmusformcr coupling (Again willi impedaore 
matching! to .1 pttitktltT riiruil, which is commonly used with an FM 
ntperhet recover. 


Tfltit? i. Knuuii Aerial Icn^lii 


HemIiu 

TnequEflcy 

MKs 

TlieoretkaJ 

roan Mil 

length* 'im'irr'i 

|-w»w 

Inches 

J-wave 

incite* 

j • wave 
Inches 

Bd 


1 * 

JT 

1ft* 

6* 

3-fi6 

JB 

j6 

iB 

14 

5’37 

7° 

S5 

I7i 

fls 

f5i 

£g 

Hi 

17* 

K 

3-19 

68 

34 

*7 

fS 

S4> 

*7 

I9f 

l6| 

SO 

3r3J 

66 

33 

c6 i 

5* 

3.-516 

64 

3= 

tS 

H 

*19 

tl 

H 

>ri 

ff 3 


tic 

30* 

lit 


3-416 


JO 

18 


* The pcacbcaL equivalent ueual leciBili ii slightly I™ shun ilir ilier: Mitsui value. 






























CHAPTEk3 


SEMI-CONDUCTOR DIODES AND 
THEIR CHARACTERISTICS 


A diode it iii i electronic device with (rw eh-iirmli-n. Its Lunic action 
is that wfji rr.-nfrr, [,<■, :i allows current to flow in one dirci-iiim but 
n«i in line other. A semi-conductor diode also lias die churocterulKa 
□f a fiT/iirriJiiir, ;li will lie t&jaLalnrd later. 

Sotid stale diodes consist of.i :/mi-, endue for m-ilcrial joined. 

1o an \-iype sctni-conduco>rmaterial, A* (".iras cutiduodtui crfelectridly 
is concerned, P-type ni^iirriaJ conducts by positive rnrrirra (Icjinwn as 
I iu]i*sj, and an K-type material: by mgalkr euartr-js, or rleccrona- 

A limpli' ■' i:: I:i: l.lLli.il i of 1 I’-type material and aia M-type material 
joined nr connected. together will iujl wort. It li ecs- to be a lingle crvsLah 
Eirh i lcijiriit, one aide of which ii given P-iypc characteristics by ■doping 1 
with i ^uiuhlc: impurity, and the other side given N^iype character- 
iiiicj by doping with another Lm purity. The two zona arr In Minded by 
a P-N juin:lion. Mobile charge* in (hr two innteriali will then tend to 
diffuse untti this junction, cancelling each ocher out and forming what 
is in eJiect a neutral zone at the boundary, Uiown as a fepSetian layer— 
sa Fig. ta. 


P-lype N-+yp- 

*K» dQfii 



I 

1 


Srngl* 

cry iiu I luncllan 


awtJetlcei SuyoT , 

ir ~ 1 r 



halts s|*ctrann 


F15. 12 li'ia^r.i ii itiii-!. TrprcwiiiMiMili ofilie prod jetion of n ternh-rtfl*hiewi iliade. 
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This depletinn layer, which is tudrcanely than, eJTcrtUrly itolurr, the 
jiittif ihaivc _■ present in (hr cryrtnl positive on the N side and negative 
on the P side—and also prevents migration of further nwMfrr chai^eA 
across the junction, unfofcj thr pphntf.nl A«m>r at the junction is upset by 
applying an estemnJ electromotive force jmf) nr voltage to the device. 




m p 


bains fflBetrani 

f^Wua wcrfclng 

Fig. ij The awn model af working a diode. 


A ’demonstration' circuit Is ehuivn in Fig. sg, using a battery for ilu 
source of nt[f and a mean* of varying the voltage. In the first diagram 
the positive tide erf the battery is connected to die P side erf the diode. 
Starting from zero and gradually iacrca&Lng die vwltagc i cm- Hist cITfcci 
is tu push bylcj ftora thr P material toward* the junction nnd ttfrlCI 
electron! from the N materials towards the junction unlil the potential 
barrier is neu tralized. If the- emj'm then inct rosed further the diode will 
become fully lundutring, wadi current flowing through Sl, Iu Other 
wolds, applying pntinw bins trj rbr P side of (he diode has turned il into 
a conductor. 

If rtvtm iiiu is -applied (negative to the P silk: as iu the second 
diagram, LkmJti holes cuad electrons arc repelled Irimi the juannicn, 
itlCa raainff llae citrnl uf the depletion, layer, In r fleet the junclarin deft 
up j har.lf voltage equal in the applied voltage and a djodr behaves 
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as a non-i-jsi-ulucEu-i. In practice their will be a ssu-iil leakage cuiroit, 
altlinugh this can be nru;lig:liLe for a majority rif applicationE, 

Tlir lypir-iJ wojkiiLjT characteristics (if a aemi-conducim diode are 
■'Kit vj-n in Fig. [.-| r N t h:lc that This proem ation, which is convenrinnaL, is 
the uppaEdic way round to ihe two diagrams in Fl^, 13. In die iorw-srrl 
direction, faciming voltage at firpi has no eflect (intiI the potential 


■y.iluii i etewn ofo 

flirty' topics-’ Of S 

STiBit Q^rti*orum 
±i&j£- at 

ram tampornLufr 




□ O.E. 1 ■ 0 1.5 


fipv^fW vflltoga 

- i,s - t.o - cl& 

□ 
-I 

-a 



leeward utli.-tjp 


nrvnrsa current Hew 
In mlcrcMtnpfl 


f-'i K . i. t ChanctEristic prrfonpifioe d a diode La rwvuiTft wuikins 'caiidiiciiag;i 
led reverie mirkinfip Sniin-conductiry;, 


barrier it neutralised. Typically thit will nea-ur ai about d-b volts with 
a germanium diode and u f d ytills with a silicon diode, Fruiti (hen on, 
increasing voltage increase* the run cot Haw, limited only by die 
specific Rfiitmi! oF it diode inntcrial and any ocher rcaiscanre in ihe- 
dreuit. SJ Ltimalrly, if the uuireoi rises to too higii a -figure, the diode 
would become overheated and bum oul 

In ihe meverac direction the effect of Ltiercaring voltagr Li a vc*y slight 
incTTiwe in IrakiHc current up to the siiiutojiiaij point of the diode. 
In practice ihe leakage current can usually be considered consta-nr, 
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nhlea ritcesuve voltage is applied. Whm (hit or-cuts die (Itotlc becomes 
over-Mti ira-1 nd ipd ihe reverse curreni rises sharply. if this is not limited 
to a safe level by another raHance in the circuit Lhe diode will overheat 
and lie deSLrOyed. 

One inherent MmitalitMi with tcvyjw working (apart from the prvw 
tuee of a leakage current which makes <n du>de an imperfect rectifier! 
|i that hcadng elTrcta are present due to power dissipation,, .mil die 
consequent rise in temperature will tiuiot Gaudily result in ,m increMe 
in ilia leakage current i£arlf. In the case of a "e/mani'am diode this can be 
quite marked, r,g- tbr lockage current typically doubles with fidi 
Centigrade temperature rise. The effect Li far Less tuirked with a riftrtti 
iii:>ilc. which is often a preferred [>7)? Lbr this renson, Dai ihe uthei hind, 
the cliect. of heating on narrmi ilow, wlten die diode is ope ruling tn the 
JvttrAni direction, is usually negligible. 


Types of Diodes 

Two diffeieciL types of diodes have already bceti mentioned- 
f/rficM.'ii'ii diodes ami mj.'ii-.'j diodes. Silicon diodes are I™ sensitive to 
(emperuture and thuti generally maintain a Low reverse current, Work- 
Enjttin 1 he forward dliecdorij a higher initial village is needed to Han the 
current Hawing. 


N- tvpj 



Pi- ■j Tv,ij dUlETEDt types cT dJcdc cnrutruclaBn. 


Diodes may alwa hr deactibnl by rlirir tuiau uclioti, e.g. fimt-cmUKt 
type orj‘t(nrbniT type, kV'kh a point-roniaet diodie a small N-type cry.su.1 
toiiehtd by a poinitd wire u enclosed in ■' awhable mvrlopc. Jl u 
tti nIrd during miinuti i. Iu 1 r Id give F-type diararleriiuca to trie rryilal 
in ihe vicinity uf ibe jmjLlii—F ig. 13. In the ease of a jKiifboit diode, it» 
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construction \* p.t«-n1 i:Llly dwflwto that ofa 11 a 11it■ [nw Chapi*r jj) r 
comprising a P-type pellet alloyed at difiused <o an N-type crystal slice. 
Like Li Llamas tor ii is ciiiaLpatilatfid. Point-contact diodes arc aLnsost 
radusively made from a germanium crystal. JunctiolMype diode may 
be ftciiuaiiiuiii or silicon, but moat are made Jro:u silicon. 

Capacitor diancttiiEtica 

Working In the reverse dircetijou, die depletion Layer u a non¬ 
conducting hairin brrwern nhr two -rnclmf ihn diode and 10 virtually 
forma a dielectric between two electrodes. In other wends-, the diode 
working in t]iiLi direction ii etjLiivaJeal in a opdlur. Hence it has an 
ability to past iiltcmating currents which may lw present, 

Tlie degree oF capacitance efFect present depends mainly on llie .?r^ 
<>r a junction - -ihr lurgrr t he the greater the capacitance present 
when working in the reverse directioa. In practice, the rapKintiDe 
dfcei L tarn generally aigrulicant in the pamrge of ar up to frequ cncies 
of about 30-30 Ha, but ai very much higltct frequencies capacitance 
cflects can he considerable, The only way in which they can be rrdurrd 
is tii red dee the juiietinit area, which is why a point-contact diode is 
normally preferred for dmiiw tarrying very Li%]i Dc^unnuy currents. 

Thne is another type ofc 1 diode which uses this capacitance rffi-ri In 
a tliiiferrSH way. Eh uili- <L> juiuridii area, capacitance also depends on the 
rttrJ-siST of the drpietdem layer, This, in turn, will v-aty with the reverse 
voltage., Increasing the reverse voltage increase* the shirkn™ of this 
Layer and irdnivs the eapacLtaiucL Reducing tiie revene voltage hoi 
the effect of increasing the r.apadtaiwr-, Thus a diotte can be worked 
as a capacitor varying with voltage, sturli devices bring known to 
variable capacity diudis or caiwllsri or LiinV-apj, They ace oltcn oneful 
for stfihi Iking tuning dtenriu. 

Zener Diodes 

A ^rnfT Jjadt ii ^ * pedal form of silicon junction diode with a low 
and constant don.* rvai'j^e, A typical jjcrfomifliice curve is shown in 
Fig. e6 (compare with the performance of a cnilviullEuilllI diode, Fifr 
14}. Tin:: stiajp break frotn non-con due dug to Almost peflkt mmlu, t- 
nice at a particular reverse voltage is called the »stt knee. This 
characteristic make* a v:mr.-r diode a particularly useful device Ibr 
producing voilnge-stabi tiring tit cLirrem-iriabilkiMv circuits. A zener 
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fig. I {• Working c:inra«m»ur» of a Zend diode. 


diode is normally opm-aind u.i or breakdown voltage, with 

HuJIirimi retfatMn in the drcuil to limit die actual current flowing in 
the circuit to a safe figure for the zener diode used. 

Thin In a simple dciin-jnsu-jiJiin circuit shown in Fig. 17, a utiei 
diode is connected in a series wiih a limiting resistor to a supply voltage. 
This resistor effectively divides the suppEy voltage imo the breakdown 
voltaic across the diode with the remainder dnjpprd actual the resistor. 
The vultajfr aimui thr wnef diode r/nKaiw' constant, even if the supply 
voltage varies. Thus tapping the circuit at this point can provide a 
constant soilage output. The only thing liuat hippera wiLh ,i variable 
supply volume is, lIi.u rite cuncni flow will rbr or fall in proportion. 
Only if rim* supply voltage fall* *0 much that the wafting point of -1 
diode i* pulled back past iti knee point will the constant voltage nULpin 
Oafnc. 

Only one constant voltage can hr LjpprJ Horn ill-■ zener dimles, 
corresponding Lij the ilirrakduum voltage or neper vi.-llj.ge as il la 
genejaily 1 -illrd. Typically this is nf the order of 5 CO ti vfllu. Being a 
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Fig. 17 aimidn jCwicr ilindc (’lanuc tipabl* oT gniriog u comtaut W^Mfe amipiLi. 
'L'J.L* cuji ht t ncu rpofa cp ft in suioLhtr circuit la |i-m™ir 4 smbalLird auppij 1 vdtngE, 


small dcvi« n is alw: pljvJflLU chat the power 11 can provide In a cdbiiuiLt 
voltage circuit is also limited, lewwJly lu iLc wider of miEliwatts only, 
'Lli'ilci arc, however, produced with ranch larger seur ■, ottages 
a nd also power cnp«citirt of the order of watts, 

SpedficDliaD Figures, 

The actual working characteristics of a diode are described by die 
follow i ufr: 

Maximum rtomf ivlUfg*- with figor™ marimidJy given for prat (or absolute 
masilmuiw width the diode will tolerate) and tuufigi- Separate values 
may also be given for dijirmu teinperatuies, i.e, ambient (usually co'’ 
Centigrade ot ag CcntigriLrfo) ; ami at untie higher tempcraiuns 
(usually Go 3 Centigrade), In the absentee of separate temperature 
eatings ambimi temperatures can be inferred. 

Aftf.ttttiiifli fomsri curtnx- given in tnilllampi, Again sepneate founts 
may be given far fif.ik and aiwcgsj; and separate values for ambient 
temperature and Co : Gtutigrade. 

Other due which ruay be given are: 

.-fmitrrtt teraprretfuff ratter—referrinij (o (Jjc maximum and minimum 
amlurni temperatures, within which range the diode will not be harmed. 
Muraium jWh'on frmpmilttrr—usually separate figures for continuous 
and intermittent operations 
Thermal ruhttsace —in Centigrade per ndLGvolc. 
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CHAPTER + 


THE DIODE DETECTOR 


T he dtittim in an AM radio receiver has to work as a reedier, 
suppressing h-ilf nf 1 acli eye le of an ampfitude-madulaied currier 
wave signal and converting the current varLilforis in llic mi ,it ball 
into a direct current Mur mating in the same manner as the original 
modulation. In dniplrr terms, it extracts iLic audi-.. frequency or of 
content uf the modulated radio, dgual in ihe 1 >irn of .1 fluLiuaiim; 
current. 

The eem]‘COPtJiK'1«r dirtl? ii □. DugLiul choice for achieving this, bur 
in perforrcuaDce is far from perfect, The ideal ™i,-tifirT would have no 
forward nuisiancc and inhtute backward resistance. Semiconductor 
diodes have-i low forward w-iuiLinL-r and high backward resistance, but 
the leas of rectification imposed by these characteristics cun be recovered 
by tlvr ik iililmn of a tmid tdrtJftif, and a Ttimwir fflj!wi'h'r m parallel with 
it as in Pig. i B. 


Irfful tSftte output 



Fig, tH Basic dSMKSOT cu-citic oiiug ■ load reaiitw Mid re*£rvMr r&pitiinf ('► 
ramjMrjntc for Ilic imptrle^i T^cu&tr -diarwrUrntia of a dutdr. 


Theoretically, the tiigher the value uf she load redttui the peater 
the ft'etifird vullage. In value, however, bus also (o be chosen tu 
match she input resistance of Ibe next stage. Tbt function of the 
reservoir capacitor u in iisalriiaiu else vcdlage during haLI rytJcs wbrn 
ilic ugnal is clsoppe’d nR', I is, value, together vrith ihai of sbe tesiflot, 
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BQJLDIKD AKA DKIiaNllfO TBAHSItTOS t.lUIC >5 
tin rnnimza il:c tmc catLiltffil of the circuit. To avoid tdM ni Inp frequency 
ajvd distortion of u nigiml this luri tu Jtccntanmdau the highest modula¬ 
tion frequency likely la be presew say lo.oun U* ihr AM radio. This 
imp]irh .1 |im«: militant of moI tnm than f>o mkroaccondi (the time 
between a 'peak" and 'trough' of a. 10,000 Ha iinaiaL), and preferably 
railirr less, 

Starting pniii! in deciding suitable component values therefore is 
first to select R »r a suitable match, and theu determine cliir value ed'G 
in give a linn' constant for the circuit of 50 p-scconds -uf ■.lighity Iri 
At the Kime time the value of the reservoir capacitor must be high 
i-jiflutflj to maintain it suitably Itigh reservoir action ui tin: lowcai radio 
EreqTjencies present in the ligEtitl. 

In the case of a straightforward tramktor radio receiver the detector 
ii followed by a triasisearned audio amplifier stage, tin input LL'uficd- 
ar.rr at’ wh kh is typically of Lite order of i ,ik» to 2,000 ohms, A suitable 
value ibr the load raiiUm {R) would ihertfore be t k oltni up ta poa- 
; i IjL■. j k cdiitL ConeGpanding values of tire rescnnjir capuciim ifiv r .1 
OH or time wiant of 50 ijseeouds would be; 

R = tk, C — 0*5 
R — 3 k r G = 0-25 jLst 1 
F - 4k, 0 - 0-135 pF 

It would be rlrJUTalik in am nlher Lower valuer of capacitor than thin 
so that the time consonant is lew than 50 fisecaiuii isuy 40 or 45 
pKfipath), e.g. 0'30 jJP with R = sk, -met 0-1 a pF with R 4I- 

Thr inder nf luail r rii is mice values also [uvollt* the use of a grrawitatm- 
point ronton diode, junction diadin .irr l.-.-ss rfficieol aa AM detectors 
bet .tust: of their greater self capacitance, .md qidir moultable as VHP 
rii UHF drit-czrurs. However, in practice quite difi'errnt values nf K 
and C will work with a jgcim.ir.iuiiL diode. Lilt if the time constant is 
greater ihau 5a ^seconds them will In- u I eu 1 if top pedhraunce and 
distofiion. If much lets Lti-an about 40 i^econch iherv will In- a loss oF 
dfii-eilnn eiUdniey at rdl modulation frequencies. 

This simple detertnr circuit, in fact, allied to a simple tuned circuit 
[aerial cotl), is Lhr basil o£u trjrtol u-J -Fig- 19. In tbia circuit the fond 
naisior R can be omitted aa the high imprdanrr phohrs will cJTcctLVcIy 
net Lti iit place. It. will alto wort without the retwrvuir capacitor, 
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although with more distortion pmsenl, By nperimentihg wi lIi dilfennt 
values nf C <u adjust die time constant of the circuit. it it possible to 
establish an optimum ralm- iiir deter linn etFidcncy and/or distortion, 
but not necessarily both together. 

Inddrnc.illy, ait Well as virtually any germanLum-pcdw contact diode, 
almost any of transistor will work In ihii e[rcuLt as a detector. The 
collE^ior h-ad is ignored and the mmsirtor Sonnected ''n-nd worked) a* 
a diode ljraug the base iind rmititcr eotmectlons only. 



u.-luriul hvIhJ [1 Gcumtlel 
for tr.lD c ircui t ta men 

diodes 


high Imc^aaTC* 
phcTwa 

ti thacd Ciilnlc 


l'‘i|! 13 t'in.i,|Jnil IV li lulled aerinl circuit L und CC, R diwk dclccior tnijijjileici a 
‘crviuO receiver'. R can be a-a k ahra or 4 7 k abm. C3-4-35 tu b ul r . 


A srigiiificurit fouirirr of this liu.iir detector circuit h that iL mint 
lie coupled to a high impedance output load to work properly. If a 
low impedance load it etmnected directly to a tuned circuit (such 
as Luw ctnprcEaticr ptuinn in the ulw of iliis circuit) it will IlEVl- a 
'lI limping-’ eflecc wiiich will drastically reduce the efficiency <>r the 
tuned circuit and make its respond very fiau This applies as a basic 
rule. 

Thu rlrlretrir drcidt ran be imprnvi-c.| by Temnying any iniuinkEUctl 
signal content. The diode wiil in rvitahiy para a small proportion of rf 
ii ii u 11 which, if allowed to reach the next stage, will be amplified to 
cause distortion, or even cxefir adf>OHnb.tion. This can be remedied 
liy the arSuption of Bltcrv in practice a nrriei mis|or and a p.iraJJd 
capudtor. 

There will atso be a signal present consisting of a dr voltage villi an 
average level uf the output wave form. Again it Is undesirable that this 
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iKould reach the amplifier It can hr removed by insert!ng a 

Mocking iafruiter in the output stagfa 

■nicsc additional circuit component* arc shown in Fen;, JG.whetr lt r 
an:l Cf arc ihe resistor and capudtor, respectively, forming die rf 
filter: ami Cn is ihe IjLocldng Gupactow* Choice «f value* is to mine 
esEcut arbitrary, U-r nwdi to be fairly small to tts not to reduce uie 



FI*- SK3 Drlcrivr elrcuLt furUhrr <kvcVjp*d with film PomipaiKULli jdJ iJiicldng 
t a.pfecJEBT. TVpinl. WfnpGB™* viluci; 

R—i j teb 3 9 i ahm 

C -b-s;v tu r 5 pf 
Kr up to t k. ohm 
Ct—$ lo It ^ 

Cp-—5 Id m p.1* 

EgTiP-l strength unduly —say ] k ohm «t Less. The value of C r is then 
dn™:ii to give ibe "kC combination the required duuwrtcriscici to 
nuikf the filter wtni, i.e. eliminaiir all frequencies present above the 
audible frequency range—say above t|j LHj. 

The bnsk relationship involved is 

Written us 3 solution for RC 



taking f — 15 Ubt 

RC - io -6 x 10 - * 

Thus iT R b 1 k ohm 

C = 30-6 X IO"* 
or 10 fil' 1 . -5-ay, 


Till PIODE DETECTOR 

rniljj value u alio usually luitibh Bar the blocking capacitor, 
but almost any value hcLwceii 3 jib" and to should be suitable, 

The complete, practical detector circuit also normally incorporate 
a volume control or variable rentnr Ri, as show Lu. Fig. ai t i'he 
volume control can in fart he planed elsewhere in the reodvrr circuit— 
H{ l a tzt m The usual vaLue for thii potcfltkutieier in a cransiscorizrd radio 
circuit is g k phut The Mocking capacitor can be rentowd to die output 
side of the volume control, vyliric it also doubles a* a coupling capseiirw^ 
or IrJi La the same podium as in Fig, -jo if artodier form of coupling ir 
used. In the former case tike valve may be adjuster! to writ the coupling 
requirements— ste Chapter 10, Si it also [kwiblt to-eliminate raiitor R 


ftlEamjlIvu potftien* 

diwi* "p / \ 



Hfj. gi ftin-nii of Ffj, nj w,iU liJlltm control added. K, — 5 k ohm. Reniava] 
erf the block ini; cspariior to die ou.lp'.it link reducer diHortiDU from thr uertat 

drtuLl. 


in ihb i-Lfcuit, choosing a slightly higher value fur Ftp tr» c-ompteuate 
i>tiH atljusting die value of Or to mutch). This can prove an advantage 
if the signal strength b weal and it is dnmiblr Li t increase it by reduc¬ 
ing tin- load resistance in thr circuit. It YtilJ be an ailvuutagc tn * 
crystal set, fur example, and in -a simple receiver with only moderate 
amplification lolluTviitg the deter tor. 

Input oiui Output HiMirtimce 

The cfteeiivc input ranhmoc citTiicd by the tuned Hiru:i is Rfit, 
igmiring the fnrwuid resistance of tlie rliodr wiLi-ch Lj negligible by 
comparison. Tltb repreacius, the loading rm the luiLcd circuit, tend an 
iipporiniuty to re-sclect the value of R it ntm'^ry i.aud at the same 
tinkc modilVing the value nf C r^:qui^ed its explained rxrlicr). 
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HUM PINO AND DE51Q XI NO TH A hi 3 E*TO ft feftlMOJ 

With die usual 5 kalim va 5 wmr eorrtrol lie Load resulance at mtiximimi 
Volume will Botm^Dy he of the aider of a k ohm TO 4 k ohm, depending 
dh the values of R and Rr u*ed, 

DrtKtiT PerfiiraiadCt 

Etesdes being 4 vital hut in die radio drcuii H the delecTOr i' also 
Miputtslbie ter Lhe quality of a rig-nul passed (set LIl-c next singe. Any 
distortion iit unwarned signal passed on wilt be ampiified, IdraLly the 
detector should jwi ns a perfect linear amplifier. tnEortunately to work 
at all Et Jiaa to include non-liiLenT component*, width means that sj 
currents passed by the detpcior circuit will not cnrctfv Follow thr modula¬ 
tion of the original rf npinb. Tbr more marked the non-bn car di.ir- 
arh’-risiks, ibt greater the resultant disconiou. 

The two main trtwbk ifxittixc the load resistance and -.fray capadi- 
ajjtc. BadciLLly 4 fairly low load rrsistatitc ia necessary in older to 
maintain rnnu^lj iilai on the diode throughout rich wceking cycle, 
and also bo ^ match" tlir detenur to die ib-iinwing tmnsutor itagfc There 
is no real answer to this other than rmpioying ul PET amplifier when 
a very modi holier load resistance can be usrdi. 

Stray EBjHritancn can be yciteraied by leads and t-W proximity 
of mill 1 current carrying compomnts, Tn reduce cheii effect, wire* (Or 
printed rimqjt leads) should be kept as short ns juissiLIu and the diode 
should be positioned ns Ini' as practicable from leads and utliei eucn- 
poticiiti, aidiuugli theie is no need to Ctrrty ihb to extremes. 

FM Dtttrtflis 

The FM detector hm to handle and rectify a quite differenl lypn of 
sigruL Inucad of die carrier wave being modulated by atnpimdt t it is 
modulated in Jrepmtej. Thus Ebr FM reception the ilctcetus has to 
extract rhe frequency modulation and convert it into a enrerafiondijig 
uf iignaL Ai die some time il must rrjcci any amplitude modulated 
sign.1 1 which may he present, Thew: function* an: performed by 0 
dHtTariwtvf and hmites respectively. .‘VJlerrLBtively, a raJcu rfidrctruT riicuis 
caji he used which combine* ruiirsiojiiurbtith. di 5 L"nmi 4 iitor and. limiter. 
This would stem the simpler snhuirm os die two type* of circuit are 
very nmiJar. However, the ralw d/tccfur tend* lli produce slightly more 
distortion and only has abemi ItaU' die sensitivity of ill* discriminator, 
although lhe lusim l.i■.■ t is not iircctaatLly significant, 
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There ate also two oilier cypes oi I M drlrciuts which can be used, 
lire pain jiuDulrn.r drSfciHr I used on digital IGl which reqoirrs no LLined 
circuit and has cxcelleni Linearity 1 and a rtyiM durrunuftr which is 
mumifactuti-d as a sealed unis and requires only an ttiental variable 
capacitor to k( I he slope uf (he detector { i.e. adjust the output vsdtiqft 
sr.i ihat it swings an equal amount positive and negative). 

A IjiuLr. JLimJtUftdtuj' circuit La shown in Fig. nit. This is, in drees, two 
AM detectors back to back, fm! with rj'si.i'nai horn a tuned rinruil LtCl 
and also receiving had the vollngc fmm a Bi-cund tune Ltrcuil LaCa. 
The same basic rirruit will afau work as n ratio dflcctnr as a 
limiter as well! by revcmiiiij mu of dir diodes and breaking the cm?- 
oi'i-tion between one side nf LaCa and the load il-hLucns and raking rhe 
output from lh«r tw\5 ptiiuri. 


EjiBdn 1 vcrlpul lor ratio BaLoelcir 



rig. '2s H-is-ii: dreall ftil > d=*crinuDBrisi wlaieti eflo ti« midLlied (□ 

work u n thiici dmector. 

Hi ;md kl *1* kind IrMIS’AM 

aerd Cfl die uu vnir cnipMiiOM 

C5 ii p iir-:vn.|jliii|j: cap^ritec I only rpretiliiTj- If dir dmiiL 11 wceLcd ai h ratio 
del*rtoi). 

In practice simple circuit! are normally used based on an if 
Iuj:im:e oj producr FM-to-AM i,:.,i ivtoili iu, operating at the inter* 
nidliarp betjumey of a supcrhec rereivrr, Vultage developed cm one 
aide of the irtsjndiuy leads the prEmary volta^r, untl that udi the other 
aide lagi by (he same phnsr angle when the circuit* arr reauuLUi to the 
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unmiitluJimai carrier fircnqarncy, This yields rquitl and oppodl-t' volt¬ 
age* passed by the diodes- In (lie presence of a freqnmcy modulated 
sbttidJ tlirrc ia a shift in. the relative phsw nf i hr voltage eowpownl^ 
voltage applied to lull: -diode Liicjcadng and die oilier decreaimg. Tb 
difference between the two, after radfiaU^Iat^aiidioardijIilrtquenry 
output of the detector. 

A practical raim detn kjr dtcult Li shown Ln Fig, 23, the transformer 
in this case having three windings, The primary irtid KcoiKlary are 


y>\ uulpj? 


4 - be] lory 


Ffg. ag Practical xuio detector dicim. Cnrnpunrr.l voliiit; 

Rl (Mid Rl —+7 It i_>.ti l 
Rg—a -2 t bhm 
R q him I Rg—tilt uhiu 
Cl and (Ji—jflO pi? 

Cj ■ -fl Lir 10 1. [■' 
tCf—C-OS nF 

Pi—S 3 " pF 

Q£—o-aar fit 

Diodt*—pttitil (iirttart ty|w: 

tuned to die rf frequency. The dose coupled tertiary injects a voltage 
in Lu the secondary in series with die voltage ikiths rar.h half nf die 
Kr.riindary. ft woi lt:> h:“,i:3ill;i:I y as a diseliminator, with the reversed 
dtodf wring a* a limiter, 
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bu t put 


Fig. 54 rvijiipLifieii practical ralHi tfrUSIOt dm*. GluhjmiwjU valuer; 
R|-9Q i. tihoci 

□] — 1 BO pF 
Cn —56 pF 

Ci and; &MG *r 330 pF 
fjy-n 

Dirdcn—AAi 19 


A more simplified ratio detector dmuii Is shown Ln Fig. 24, capable 
of giving just as gtKKl itbinits. 
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CHAPTER 5 


TRANSISTORS 


T O design and/or coraCnmi nidia drcuita it is tint jaroirtTary eo know 
how a transistor is made—only how it works. However, diilfT^ni 
EyprS C)f traciKisErns ire often drsHirihrd by Hn-ir construction, e.g. 
junction type, silicon planar type of epitaxial. The following Lritf 
descrlp-LLoni! of the dLlFctriiE trjitsiiiijt itULiiuTiiCturmg processes can 
therefore he lirlpfid En giving meaning Co these ftMCxi priora, Men Lion 
of point contact transistors ii ottmted since ihsi was inr unginal fijrm 
of coiiinida), now olnoLne. 

The wcrldns characteristici of a ttamwtor depend uti the behaviour 
of a P-type 1 positive type) and an K-iypc (negative type] tf-rni-rcmdutiot- 
noiLrj iaii in a QiiPe-tlcment combinirtiWn Slm:1l combinations yield 
either a P-N-P or N-P-N device. 



Fjj. aj CimitructiDiL -oT P-N-T ajid N-F.-Pi tnuuiKcn tbowii in rttfttettt»T¥ 

djujj rniH.ifauEIc' Imlai. 


Staning point in the inJUlufturtyrr oi l ETJiisiih.it' is 'lie production 
of a crystal of ei ther P-type or N-type ferrmrarsm nr iMcett, which ii cut 
into slices. This is tire bast element of the tra nststnr, Thr Amplest, 
mctliod of construiCLion is then to fuse o pellet of opposite type mntcriad 
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to rarh of the die**, i.e. iwfi peElcts of P-type material to an N-type 
slice to male a P-N-P transistor; or two pellets of Ff-type nuiLLtiali to j 
P- type slice to make an N-P-N transistor—Fig. 

Tin-Bp pellet* fnnn .l tflfin-inr and miikr of the transistor. Wires are 
soldered to each of the three elements and i lit: complete device i.; then 
awaptuLaird—Fig. aG. Transistor* made in this fashion are known as 
fl/fa;s-jfwfi,?fl type*, the method being widely used for production of 
grmdfiiiiiw uansiston. 

err; dpeuI stityi 



Fif. 'fG Dohc rl-nn in ilir rnaiuifneturc ufi juirelwn-lype irnnupiwr. 


A sliitiuLy dilferent nieLltod is used to produce a junction Translator 
bv istluj dijfas.wjir Sii|i|niM' ,l P-X-P IniLiii.isliir is i rr|iin> tl. A Liiyn of 
N-type material it deposited ori one side of a P-type slhe, On tills arc 
deposited two pellets. One comaiLis N-type additives only and the other 
hnth p.tj-|i<: and N-typr lirlditjvfe!- This aSaimihly ii ilhjw heal, il in .u: 
erven causing the two pellet m-itrniaEi Co diffuse through (he N-type 
layer into the P-type slice. I r. rids case the original slice becomes the 
collector, ihc diffused NAype additfvi: the base .uid lIic iJilTuSkol N-typc 
and P-typc additive she emitter. 

In the case ol'a silitm transistor a different method of construction it 
nuw rujfinally used, known as a process. A slice of N-type silicon 

' w3lm:!i i'v>'hi uaily hea':OrlcS lht cvHti fat) Li hglfcd I u ti i: n i a Ehiti Liyi i uf 
silicon nv:rJe, It L* then given a shin runling of photo-wniitive m.Henrii 
resistant to etching, known as phmrtwi. 

Tills oca ted dice is used £i.ir the manufacture of several tranalsEors. 
It Li ftrsE coveted by a photographic negative of the pauceu of the base 
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positions of the number -of uanstnara to be made md exposed to idtra- 
vio'lci light, Thu prints tfir hiur paiterim on to the slice, The die® u 
then washfid, which removes alt rite uncxpn»«d photoresist., leaving a 
print of serara I vielhII windows in the photoresist through which the 
ulkmi oxide U exposed, Tin- ilirc is then etched to remove the ssficon 
oxide appearing Li the windows,, exposing rilin.stt, 

i^fter cleaning, the *liee is treated in an oven with some F-typc 
doping addiiive. This additive evaporates and KMiie settles- on the 
windows, Further hrating in a second oven in. an smstpherc ofoxygen 
difFuaes the f-type dope tuo tbr silicon at the window portion* At 
this stage [he base of each of the transistor* m produced liar been 
formed in the like. 

The whole process »then repi .ih-tl Lu print and etch a second pattern 
of window*, representing the emitter ponlitun «f all die traruisSi-ra. 
After etching and cleaning Lhe Lahiug process is repeats), this resulting 
in the N-type- doping additive- bring rJilTiiM.-d into the emitter windows. 

This is followed by another photoprint tng stage pi produce windows 
oyer die base and emitter ureas. The slice is then vtconib plated with a 
fine layer of aluminium and ik final printing and etching stage vUed to 
remove aluminium from .ill areas except where it is required to provide 
contacts. with the bases and mULiets. At these points the aluminium 
is lightly aibyed to die bases and rmitiers. 

"Use oxide layer b i-iu-w removed from the cnllmor side of the original 
dice and Lhe thickness of tlir slice reduced as required, A["n.-r testing 
filth transistor 30 formed, the slice b ihctL cut into separate pie-sra each 
containing one trunaijscr. Faulty transistor* marki-d at the testing stage 
m-e c ejected, Lveiy geed irunsisLor is then bunded, mllrctor side down, 
to a gnlil pLiied stem, Tbcsr wic-rj, afr bonded to the aluminium con¬ 
nections to ihe rtrtttrtr aoid base. Finally tin- iraeiyisiorsare encapsubud. 

TIlc process is considerably more complicated than the tnajiufiictiire 
of ulltw-juucuon or ollny-ci lh imkcJ transistors, but a single *lbr may yield 
from iOa to 7„ooo or more Erarttbior*,, d i-jirnding on type. Stage* ot 
. .. are iSluitriLcd in Fig. 37. 

A iosuewhat modified pnuu is used In the priodttetlon erf tjnt&trnl 
p!uan ftl, rani- Basically lIlc original slice is mote heavily doped, 

wilh the rniuli lIlii it la covered with a very thin layer of Ingldy -doped 
silicon with 1I1* euh: crystal orientation as Lhe original material, this 
being known or lhe layer. In lhe final product the transiatui 
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is, efTeclivdy contained within this epitaxial layer and not in the 
iirigiiuii slice (which now merely acts » a itiffiming layer and back 
contact] ■ With an imLLnaiy planar t™uiitar the trandator is formed 
in the original slice, 

The epitaxial planar process i- also employed in manufacture field 
fpxi fr.injTid.i-fj, For an N-type held eEFprt trenmstor an X-iype epitaxial 
layer is Enrtittd on a I’-typr Jubatrare. After oxidation or dir ULirtace, 
‘windows' are etched in the oxide layer and di Hosted with supcr-ndi 
|'-[ypr additive (designated P+), This diCI'uscE through die epitaxial 
layer into the P^typc substrate, 

Tiir PT-type epitaxial layer form* die N-channel of the held cfliiit 
LranuFtor, TIil F-type rubtiraic forms ih* gait- Penetration ofthe P + 
additive into (hr F-iype substrate produce* ihc N-ehimnel tstdatiiig 
region—Fig. aH. The assembly is then tL-toxidizrd, 3 ‘witidou’ etched 
correspo-n.il i ug 10 a second an a and mother F + region produced to 
limn the upper part uJ the F-gaie ■ ij- ll>u riding the X-Lliunoel. Super M 
(N+) additive Li then ilMTus-cd into the rtidi o: the N-ch-amveL Alumin¬ 
ium contact aitaa are bonded in the JSI | regions, to which are con¬ 
nected the jiierr# and df&ia lend wifrtL. Thcjjret' lend li connected to ihc 
P-type substrate, Finally (he transinor is rucipsubced. 



N-demnel FET 


F-thanmH F£T 


Fif. il9 ElpBenta] cerMfriwlwn rflSfU rffccltiamHii* w FET 


Wills a F-channe! TsrJd effect eraiulsror* HMWJUCtkin is r^nly die 
bo, me, subHliuilng P-typr Car N-xype dements, and vif.c vena. Set aha 
Chapter :i for further information on fiHd i lTcct tranrisfott, 

Selecting Tnnnslarl 

There arc now literally thousand* uf diffcrml dtaignu of t{M^an 
made hy various specialist manufacturers, In (b<- i m- ol circuit dia- 
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gritins r or rnijijji ifi-cnt cntalogso's;, they are idnsititicd only by a iy | ir 
numlM-ir. which if the lasatiufacttixer's coding. This normally conmiti ot 
Inter* and iiumbenk, the In ten. usually identifying the manufacturer 
or general class of die device with the iBodaled numbers indicating 
the particular design or developmm(, Thus 'O’ tm.hrj.LLta a terni- 
tondnctrir device manufactured by Mnlard, and an appended 'C 
(hat Lhe devicr is a icaLisdstor. MuLLmi nanssaton are (bus coded ‘QC 
followed Lv a serin! nvmhn identifying lhe particular tyf*. This does 
not help ui all unless inch a mmutecturer's spenifie type is quoted on it 
rtrniit dingnin*, which it usually t»- The reason why a type number 
should be quoted (or a speeffle circuit derign ia quite simple- Fusible 
variations in the design performance of a transistor are virtually 
infinite, so even if dilfnrtnt manjufoclureiH produce tt rihiis ton lor a 
similar purpose, tlte actual l Iijj■ i. teri'irtr* t>f tLiffeienl nmke* tan vary 
quite widely. TJiii cmi affect choke of matching components width 
gow.rn dLe proper iwrldjig of the circuits. 

In crrialn eases, particularly tu itic lieltl ol" mure or less J staiM 3 aI^(i , 
radio circuits, (rjusis-ior types Ehom iliJJ'crcr.t mJinuriiL tcireii may have 
sudiL-jeiitLy close chamctEriiiic* to be re^ardi'd as equhfflhfn-is or nea,r- 
cquivilcntis. Tins impLiet they could be ntbsthnLrd ibr a ipmiGrd type 
in a piartkailnr circuiL In many more cases—nsuftBy with very Hr. 
mcniary LiTCuics—almort any rype of traiuiitor of the name h.bsic type, 
e.g, germanium or siticon, &rfumli$ndX jmifi and polarity, nuty produce 
similar working remits. 

1 1 Li [wuiiculnrly uarful to the deiagTJiu'.icxpcnmenler ttf have actor 
to inform;itaLJii bods cm Jrraif.jtitor tqitiBtttats arid JuftLtomd gmufttagi. The 
former infonnstiuJi is well catered feu- in sepiLrat" pubbeations on die 
aulijri-t (oompielv In mis qli their turn!). Infonnjilicin <..n functional 
grouping is much harder to come by. Manufacturers* data, sheets are 
not readily available to (hr amateur dnigner.'ctmsmjcnir a.ud a 
cuftipreheoBW avv-reige would nrcsl n complete filing ayneni lo dr.d 
with. Reiail catafogun an- not unially fiLiidoulLtrly hetpfuL, either, a* 
they nwWJy list types stia-ked merely by type number, nlilicrngh 
there are emrpUMii. The Imirr can provide a hasia of compiling a lin 
of tranmstor type* readily AViiilabk by fonctisHia! gn..ipiiig, which can 
be f>.u dir: expanded by reference to tr^nsEiiar equivuleni data, 

Ti'.rrr is a, welcome trend in ptunde irime Lnformatitm about tram 
sister Eyprs und msubthiMi' coding, an rumple Imiug the 

53 











irni.bl NO ANP DBJJOHINO TfcMJStatOft It AOIOS 

Pro-Electron coding :nc*w adopttd lor all new Milliard translators, for 
example'. This romsiati of a two letter code followed by 2 aerial dumber, 
KcMIii Itn^ [In code iurd only In dredra unit Urn n sis tries: 

the Arar letter indicate* the jafflkoudiUKff niaifcriai, l.e, 

A germamum 
U = silicon 

the scloiiiJ Idler jndicaiM the grnrnil function <aT the tinier, j,e. 

A • detector diode or miser diode 
11—variable capidtucc died a 
—af {«tdhsdfng power lypra) 

D- oj power transistor 
F —rf uraiuuctij (c.iLJuiJaiig power types) 
b- r/]>riwer transitor 

$—notching trarmritor (deluding power types) 

V—|j uwet type swindling iratsiauir 
Y rectifier diode 
Z—aener diode 

The hjtwJ numlvr following then conaiau of three figure* if the device 
» intended Jin cot Burner apiilicacjojis, c.j{. radio receivers, audio 
ajitplificrs, ftrtevison m-HYT", fti-, A serial h umber unmiiting of a 
single letter followed by two figures indicate 5 the device ir intended for 
iiidumriaJ ox apeedallaed application*. 

For 11 in averagr: amateur railiri rnthiiduil, out e':J" (be rluQi.1 usa-fii] 
JsntHmai groupings published La thiit of the Eilectrovaltw Catalogue, 
slbdi Listing only a limited number of individual types tn each group, 
This covers the following: 

Cfrmilrtliaft JVtfJtUijAtfJ 

;i| small, mnliuni L-uirrnlK nrituhing aavicfcU 
(ii} medium current switching, low power output, 

(iii) small, medium current amplifier*. 

! Evj af ojuplificrs, low power output. 

(v) rajmsplemenlnry pairs. 

(vi) high power output {power transistor*). 

Silicon Trasniiws 

fi t aj .amplifiers, irtioll signal, general purpose. 

(if;, af aiijf.,|jtLi iy, low Luvrl, luvr hoist. 
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(iii) Email signal amplifiers. 

(Jv) ff amplifiers and OKdfljtar*. 

(v) medium current switching, tow power output, 

(vi) high frequency, medium powers, 

<; vli ;■ general purpose switching. 

(i») power IraniislotS, 

Any rdctviKR to ■jpawer’ grouping; »largely arbitrary sauce there is 
no mrivensaL agreement on the rang* of pow>tf levels (nffcrtiPg (0 die 
maximum power rating of the particular transistor). Thus low pozrtr 
may generally bn laki u £0 cotter ItU-SjO tciW, hUL *Uch a grouping 
may include transition with power ratings up to t watt. Siiniiatly 
PtffiuR jOottwr implies a possible power range of 250 mW to t W (hut 
may inland up tp 5 WttU). Any trjniiiior with a power rating uf 
greater than 5 watts is classified as a power branuitor. 


Fig yij flepraentmtara Iranniler snillino sh^pa «rith ilimcDiiwn mid tmd 
idnuiif mioii EKmenuDn) ue in incbtv 



















BC’ILDENO AND TEAS 5 [S TO K JtAtMOlJ 

li ii liJhh irieJiit eg* be able to id-mi-ifif- iHMiitoD by their die And 
shape., and nftn^ni ("Lie abLe to identify blue, coUrant and emhtti 
LcatLi correctly. kepresrnraiiye n inline atiApea, Vrith dinwmihns in 
indie', .ire given In Tiff. 2 -g r rite ending given biiti# more or I era 
uoivoui but ncl always L[uuied in transistor specific Mi mi jad atiiL 
Iwi sn in catalogues. 
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understanding transistor 
CHARACTERISTICS 


P nvsitiALLY a transistor is a three'-clemi'iiE device (although it ii 
more correctly knnwn us j» bip&iat device). It comisb nf a Oorfibfnu- 
rtnn uf F-N-F or N-P-N mbstiinGC*, Trn- finl mvo letters in these designa¬ 
tions indirarp ihr respective pobiMo nf 1 h<" ynliagrj a|jpii..-iJ to die 
uadtter and collector,, in normal operationa, i.e. 

F-N-F—fnri«fr is with respect to both cot Lector and Iiom- 

and the iotititor u made rugntiiv with respect to both the 
emitter and base. 

N-P-N —iwiilti is flcgwftw wiib respect to both collector and Must; 
and die collector ii m-ide fnriiiat with respect to both the 
emitter and base. 

More simply— 

P-A-P—the tt&flbr musL be Negative. 

N-F-N—die wil&ter nuist hr Ph si live. 



fsWanird Uliscto r<i'/orn 5 i odo 

D'iir qt> JtwwArd Arid i tvtfi? diode dicuiia. 
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These coTTen polarities are obtained by applying f>inj of the right 
polarity to cadi 'side' of tin: transistor. To get a clear picture of what 
th at 'aides 1 lire, con-'ldcf ihr thtwmClf risttpr* of a diode (Ghlpltf ,f). 
Hepending on the polarity applied to it, u wori» on the levemcd bias 
mode with iio cui-feut haw, or in tin- forward direction with die cSiar- 
aeterUtitTi of * conductor allowing current to flow^-Tig, jn. 

New consider a pair of diodes joined with a common centre to- make 
a threcrlrmrat drvire, riiiicr N-F-N ur F-N-P—Fig. gi, (Tlie diagram 
4 wwi it N-i'-iN combination,) This is basically what a tranriitor l', but 
with the centre layer made very thin. 


I 

D 

1 

I 

16 

j 





vary tJVlri F-ffy*r 


■tjlagrurnrmLIc 1 dovelupfr 


or #. N-P-N banarotor 


t ig, jt Twu 'd^idra' joined 1, baek-to-b*ck' to Itiidc a IrniuirJnr. 



Fk 3.4 Svjipilv JW IV-P-N trftnrilMf (A) sviIJl btu voltage added CB.|, 


Now consider the effect or applying a voltage to cad: 'balF, taking 
a N-l'-N transistor as an example. With the vnlLage conAKted to the 
'top and bottom . 1 n.i in Fig. go A, the: ‘top h half in in the crmiliii,:n tjf a 


UNPJtR»tAHD[ffCI TJl Afflllfojt C! II A kACTE SUBT 3 f.E 
eevtcndd-htMed diude, m im anient will How luthcr than a smalt 
leakage cumuit), This voltage eo applied across the whole of dir 
transistor is known at the supply tuliagr, 

Applying a icccmd sourer of tmj or Aim kuWc to the middle layer 
and the'battmt' -is in Fig, ga (11) will oiiencdiatrly niter the situation. 
The bottom ‘half is now wailing aa a (brwarel diode. TLria will acftr a 
flow of electrons Lnio the tipper part (the reason for mjkjr.g the middle 
layer very thin i* to male this How easy to pj tab Hah), so that the wlkoh 
uf tbr transistor becomes co*diirtivc as lar as the supfty is ensveemod. 
In other words apfilimiinn of the correct bias produce* a small current 
Hewing ilircmgh the left Irnud side or tin* nTruit, wids a very much 
largi-i current Mowing through ihe right hand partnf die circuit. These 
circuit currents ran readily be measured by meters at meter i anti 
tucLirr 4 positions, respectively, Fig. 33 diowi this mode of working 
for holli n N-P-N and P-N-P transistor. 




F-N-P ErcncIntE-r 
Fig. 3.1 Supply and hiss cemnretuirti iu W-F-N and F-K-F craiuuiLon. 


Still vtsuallzbg die Leansisnn In hhrk form, with the supply and Lias 
connected win Fig, 54, im- baric working eondtiiusis sic: 

(ij The bottom "half 1 is a snuix'L* nf lire elnrrmns when correct bias 
is applied, hence dm name mptlfT, 

(iii Hie tap J l»aJF readily accepts or collects, these ef-CLLn.inS when 
the li ;li i::i.-,i 1 : r la wo-rldng k and is known as the iuW«-rnr, 
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(iii) The middle layer is a point of apjiliuaiLkjii uf the Was, It emild 
have been colled 1 1 ■■ ijiiai", Uil lhat description is reserved for 
vnltjgej. Ahrmarivdy it could have been called die RritL, for it 
works like the control grid of a irimir valve, However, for no 
particular reason which is clear, it Is called the hast. 



Fit- SS WplKt MmI output drruin «f a Uuruiiuw. RiiUliiy itnWii 11 Ibr nn NJW 

triflllnw, 




Fey. 35 TnuukiiTif ■;, n, Ijiili. 


Thu* the three elements of a tmuouir ate eaJIcdl die mutter, collector 
and tiase, usually desgiiuted by tike lower case ktiera r, c -ind b res¬ 
pectively. They are it-picuL-nind tpnboMly an shown in Fig, 3,5 

.Ejj minii]Li's tin- rnrlcmlng dnr|i* ii wmitlfdj f 

Go 
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(£) die biiim hy a thick blade line. 

(it) thr coltecLor by a thin line- 

in) the emitter by j thin line with an arrow. The arrowhead point! 
iu rive direction of ftvritiw current flow, so jl is ihe oppoate way 
round tor P-N-P and N-P-K (.ruqtittorft 

Baric connections, with Appropriate polarity, for P-N-P and K-P-N 
traiisiiture, RR shown in I'ia, 36 . 




F-W-P pclwhjf N-F-N tmntfitor pt\Wity 

common wnlttBr contlipj-ntlon ctmmm omlttur errtl^irUlt^i 

Fig- 36 Rutin I y of bias and supply feu rf P-N-l* and ti-FrlV trajuiiton 

in 1' ii=i! ii-mri cini’-i 11 rucil-.ijui.iiinD. 

We 1.11 ■ jiuw draw a 'demosmraiion' drcaiii ha .1 tmMMlnr in which 
its working characteristics can br mr-isunr-d and defined—Fig. 37. 
Provision is included tu vary both the supply voltage and bias vult.igc 
and meters asc included in the circuit where shown to read; 

Meier 1 ; micmewrabi )—base ninenl or I d 
Melet jf f ivitnrirr) base voltage or V a 
Mritr $ {miflisntmfter} —rntiLter 1 umni n; l B 
it leitT f i mWmmelet) —cullt-i-iur current or 9 c 
Mnff 5 : ootimeiti )—oolltetor voltage or Vr 

Witti switch 2 dosed and swin-lh 1 open the coUeenar/bate; tif ihc 
transistor acts us a mvrrar (diode I junction. Hie only ruirenl that can 
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fluff LhufOtifiln i h-p rcvtrtc junction i*sl very anud] leakage ru treat, There 
will, In fact, be no current How unless the biaa circuit is completed, hut 
this only requires a very small Li.i:, wltqjE nt bias current* virtually 
equivalent to V n = o or I n — o with switrh t rinsed, Fnr tiu>h pi-jcticiiL 
purposes []&b leakage current can be Ignored. 


Motor 4 



Fig, 37 'LVmarwlrition ' 1 drcall r*i|- th* tN^iutmnir of umuiiiiif dtuBtlEriiUei. 


Faratneiera of particular importance in determining (or specifying), 
the perform smc^c t;T il trjjiaiiior lil’cj 

(3) OiiljEuit Clusracttristia —or how collector ctOTrni varies with liiai 
:i i it I H.l! 'Lior vnltagr [supply voltage). I$L.ls is uiually expressed 
in terms of base cutttOL 

(jj) input CParnittriitki —or how b;ur cunrrnt varim with Isaac voltage,. 

(iif 7>anj/rr C&aratienilia —c-r ibr rdaticnslsip between Hillettorr 
current nnd baae vnltagir- 

(ivj Curreni Amp!ificaHon —«r thr t^iio tiF toUeeiaf eiifftot to baae 
L:unr iii Ur EdgriaJl current gained. 

Jv) Collector its Emitter Cun?Ht —"I'Fiia W-M origin silly known 

oathe -ilphsi (o) of.L irauaistor, now designated fifi. 

The i<ulf>ut tiiatitctenstia ffc/Vr) of a (mnusl nr rsm be mrasultJ in 
irr™ nflimv tluc sailleLLur turrem (le) varies with collector voJ lag? (V c ) 
for different vaJitei r»r biur ciLHiccit Iii). Typical curves are shewn in 
Fig, 3! where it will seem that above the uamiitar 'knee' point, collector 
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rureent is fairly constant with uicreantig collector voltage tor all 
vsluia of biaa {base current), li slu tttdiriiles that the aalpul rtiulaitt* 
of a transisUttf ie quite tow. 




Cal lector vail* 


2 4 0 8 10 

Cal lector valla 


base cunerH - 
mkrt 4 Bipt 


Small Qcrn-HwiiiLin tranciatar 


S m-ciI | nil l ean Irani! Et=r 


Fig. :jtl ChnmdcriMii eurv** for iniJl traraiiitan* 


The J ft/Auf iLirmieriitK {Ip/Nn) c-an bp plotted hy me ait (ring hast: 
current [I ■) again*! hue voltage {V«) ftn si ermiiiini collector voltage. 
In this case a typical fnrm of the curve ii as ibnwn in Fig. 35. ['he 
iflpuj iY.'.ijj££jic'f ai any point in Lliia losi: is repretmted by (hr gradient of 
the rnrvr «r tbe ratio of Vn In In. 
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|'ii: Elan carinil pluaied mgaimL l*.w Lilias*. 


TV iittasftr c/madfrittiu {UfVm} yield a similar shape of curve— 
Pig. 40. The*- charncterMci ate determined at -t cons [amt coliectnr vol¬ 
taic bin linn L^Uedor current dens mot vary much with uolSr^-rnr 
voltage (Art Pig. 38), tmr curve a imiaLly repnoentativc rtf tiaiufer 
dsaractcrifl Ed and all values of collector voltage. This ia pn rttnuhirly 
tfdr (M germanium jLUKtlOFI trimsiSKHB. With silji:on transistors (hr 
characteristic curves irjjd uj depart fr*™ the genmlrced lorta shown. 
Abo the nJlttioj current tbiuiage current) m;i suio hone current (or 
itro base voltage) is very much smaller. flul the iruili: dlflcrence in (he 
diATOCIxrbufa ia thm a higher base vhltige ibiaa) Li needed lu u.iusr an 
appreciable amount nf rnJlcutor current tn now in the case ufa iilicou 
transistor, ii^- to opernte the transistor above the "trice’ point, Thh 
hbs is about n-6-0-7 ™ lti 41 transastOF InH only a-t-u-a volt* 

for a germanium lr-musiur. 

The rurrmt aafUfiatim fietof ■:.!□>In) t:ati be derived, by plotting 
co Elec tor nmi-ui against haic current. Typically this give** iiriiL«tn 
JiM relationship—Fig. 41. This was originally C*Dtd the beta(?) of a 
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ixansistor but is now designated Ufa r hfr.. Actual vtdui-s may range from 
ax low as to up no several hundreds, depending on the typeoflrtHidator, 
alio thr >I.inr of the I u.'l a curve b not always constant i.e., the value 
of kj may have a spread of pertmpi 50 per cnU mi cither side of a 
hi in ij:l;lL value. 



bwwlti> 9 > 



b 0.3 0.4 D.0 Q.a 

twa vol Ugo 


Smoll cjirmonlum Ir-UTV»| ill*- 


Small fllllccn Irma tutor 


Fig. 4a Catlcrkir cuirraij plultnl ■iiAirin 1 »*r » iUu; ■-... 


Hie rafii,' 1■/ i'liihViMur iliiif tmtibrl IWTtHlS (Ie/I*) il not of P^rtiirulur 
itgmificwiPCr Emitter ewtrent imiit equal l< + 1 a, but since In ii 
small in comparison wilh le, rmittcr cttmttt I*) is roughly equal to 
Li The smaller die base current the closer thr cyllecroe unman names 
tu being rquul lu Jtr 1 : milter curiem. and I hue (hr closer die ratio of 
kjh come* to unity, In pramlrc, typical values of hfb lie be tween yga 
■inj tvg&. 




























































[J63H cement - mi rr&zir&z 


h, ; , 41 Mleccor cunrnl plotted agBiiua hint cuncrU 


Bidap 

Individual types of (liLimston are abo given mtingiy nepmetu- 
qng iiLiixJvmiin value' she (niniisLor can handle in a eireuiL 1 ties* 
ore! 

jlfttmmm talUtior —tas* uuiMge with emii I it open cdcciiit, desi.§Tiai«d 
Vrlatt max, 

ji fiftinrum —xtswltif wjU’iffjjr, dniirniiErai \'ce mas, 

Maximum bats -emti/r remit vaitogt r,r bins, tli ai^jiaEcd Veb inu*- 
AfamPHKm ivUtrnr mwmt^ d«i gamed Ic mos, 
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UNDEKHIAMIMD TJtAMKTOH rjlt 4HACTESLIBTiC,l 
Maxsmtm ™U*cH>r bus* .-unrti widi emitter open cirtuil, designated 
Icbo max. 

Maximum b.-tul fk;u.ar Julipatiettf ddgiutn! P( kuw. 

Circuit CemidtritHU 

Tbr three ricrmnls of a transistor represent ntp&raie resistance in a 
simple direct circuit a* ltu'iwn In Fi£, 4a. The iii/ntl tdfcnil rnihracea 
die hose reautajice (rut and (hr rmim-f rtiisiancc (r*), The output 
circuit e mb races ih cuLltctor resistance It.) and iiij had luulsiix 
(H-l). and the rmitirr nabuuuc (r,),. In other words the ernitirr 
njiltihiti': is co mmo n to both input and output circuits. 





The tnptti nriitmn to a, wimple dli-t-et voltage is represented by die 
base resistance (rt.) and the emhln resistance (r.) in series, TTw rmlitcr 
T^aistunc-t: La scnaJI compared with the bite resistance- typically r c« ohms 
at compared with 1,111111-5,0011 olimi for a smolJ transistor, I Ecnce the 
base resistance is more or lew equal to r«, with the t b llmviiag rcbiLioti- 

slijp applying 



However, when the tmnuAor is artuaLly wurlirig die peentnee ofim 
input excites an amplified current in the output, ihie current being 

m 













































BUILD IN ft A, HD UF.ilfiMN6 T'H \ H S [LTD H R.lDIDS 
equal (O lu X hft r The effective emitter resistance is llnu rauttifli^i] iiy 
feedback and becomes r* + t> x hjt. Thus tire tctnS effective input 
ffllltMK# Li 

fi H- f* (l + V s ) 

The HT-ccl of r« can be sgrwred. as it is wnsrrking as a reversed jurmtinti 
where id resistance is high enough nor to have a shunting effect on 
tbr Input i in i lie. 

This relationship only holds for u long as the output load is Mm, 
Under Kalink working conditions with a positive load the collector 
cnrre.nl (T n J :s hit r]in.ci I n ■ hft and .in tlm feedback 13 less, In Other 
word! the effective input resistance Jiemru wi th increasing load*- The 
disLOUja of Which dtis resiitancc a reduced is dircedv related to die 
Conductance in ijir drvuiL, i.e. the IntriraHc inductance rcpicarjiiiid hy 
i/tn and the load inductance represented by i/R^. 

To si uipLifv cult liLlllloel boili dir feedback and conductance effects 
can be ignored, using (be original equation 

V D 

input resistance = r* = —.—- 

Is 


Both 1 hr ru men I gain and voltage gain an -iImj iifTrutctl by feedback, 
but again ignoring this for simple calculation 


current gain — 
ynltngr gain - 


¥* 

X ft l 

ri 


These formulas wilt exaggerate t:-:>l ti currml gain and voltage gain, 
but nrji (y any great extent under normal working conditions, Cirri drily 
the difference will usually be wiihin the spread of characteristics of 
individual Lrauriiton &T i 3 u- aarne type. 


Bin Circuits 

The basic circuit, of l’ig. 37 derive* base bias from a separate battery, 
In any practical circuit (oLticr than a test or demonstration circuit), 
base bi.u vulisge is ttortuilly Liken from the collector supply. There 
are various wayf in which tlib can be done, eIil- limpEtfit being to ' tap 1 

G 3 



Fij. 43 Simjiit current bioiiDg. 

the collector supply via a bias realtor (R a ) ai in I f ig. 43' 11 1- is dlt 
collector load nahstuice, The value of the bias renLiiisr can be calculated 
from tlir supply voltage (Vn), as wcLL as the bias required, 

^_ Vi — Vfp _ 

bras required or base current (In] 

Vos is the bas£>[o*emitter voltage. To practical circuits this li 
usually of the same order as the "starting' voltage of a u-ansistor, e-g. 
0-2 volLs for a gennanium tnmdn«r and O'j volts for =1 sUifion iTansistor 
with a. passible spread □fmo^ volts on citlu-i *ide. 

Knowing the bias ttrretfit required (front A crajssistor'i character- 
L3[]ijj'!, which will usually be in pu’cmi mf/i for Email tfansLiicra, nod using 
itumeriusi] values for the voltages, the value of the bias reauicw is 
given in (M ohms). Not knowing Lhe transistor characteristics, 

a typical value could be used., c.g. ^opA for n Mn;di transistor. C&tcuLn- 
ihm can l;c limplified further by ignmiog V as- 

MtjTr pccp.ra.Lrly, tbr Ltias resistance should be calculated from die 
desired value of the emitter cuneLii (Ii,| 



where ft n 


(V.-VliH! + ■*» 



















IMJJS.DrNC AN D D EIIO X t N O 7HAXSCSTOJI RADIOS 


Again V' ujj can tir tjjtui.i-t'd iu simplify cakulatiocL, when 

„ V. X hfr 
B - 

For example, using a s-ilkon transistor with a nominal kfi of coo, 
& supply volt .up' of 5 volt*, and a ikiirrd cmillrt- eitmcnl of 1 IfiA, 


Rj, _ 9 X ™ 

O‘0CI 

= goo k oh m 

The value ealiruLiErd fn'sm [be ‘emnplrlc 1 ftfmula will be --- - 


O-util 


8$B k tiiim. 


Nracesi preferred value (i.c„ annual r fninrai my values obtainable) would 
be Sao V ohms in either rase. In other midi, the two different ralctiLi- 
cions both ipedfy die same 'practical) resistor value, 'line difference 
IjcCwith ilj.r sinn.,|ilii (1 furmuLa uleulaiicin atid the complete formula 
udrulariUMI will hr 1 CVCT1 Ida in the CfW of 4 germanium Iransistrii. 

Simple narai biasing by the method just described has definite 
IL1 nEt_ 1: i : 1., particularly in [Iu- £iii of gamUtlUtltti IftilSItDrL Tk ttiOJt 
usual method adopted is voltage hi using wiih emitter fired Rule, this 
circuit being shown in Kg, 44, Here [here are two effective bias resistors 
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Fig, 44 Vulluflc bniuiiiK nfiih (i»ltMf fih)db*£k- 


TJISDtCiTAKDIUti ti a JiSIHTOB CHAEACTEBJaTICI! 


Ri and Ra, which wort as a potential divider. There u also a remrtijf 
(R■; in thr emitter kart. 

In this case the hiss voltage developed (V*) is given hy: 


Vb. 


Ka Vs 
Rt | Rj 


Tins ignore* line vnUage developed across Rs hy rise base cuirent t hut 
the efliect cf thb it negligible for normal calculation. The voltage at die 
emitter (V k'l is given by 

Vi=V*-V« 


/ Rj.Vs \ 
\ Rj + Rj } 


— Vs* 


The emitter current (bias current} is given by 
Ip = V b/H-p 

Rs.Vs V.. 

R* i'Ri + Rfl) R« 

To accommodate spread in Izwiartor dwrorteriltfca V* should he 
large compared with changes in V st..^ Also Kk must be large to L at-n b- 
iliyc' thr rmEttr.r Enjrtrnt again.I vaiiulioni in tlLC Supply voltage (V|J, 
In practice a voltage drop of about I vntt ihnuld be allowed in 
the case of gernuLniiim LratiaisLora, and a voltage drop up to 3 void 
1 Itiv,i'll in the cph' nf pllii un traiuuiors, tu stabilize the emitter circuit 
effectively. 

On the other hand the values of Rt ,ind Ra should not be to high 
1 hat the hair voltage is i li.iugL'd to a large extent by variations in base 
current. At the mime rime the values of R.i nml Rj musc he Ipgh tEiough 
not to waste power or drain power I'roiti the input signal*, Liogirally 
tlLL- combined puslld fiwic tflne e of R: and Ki should be Erw than the 
value nf R j. However, tllh would result in a COni! durable loss of input 
•rignnl. This can be avoided by making Rr about four times the imped¬ 
ance of the transistor. 

A Kira. 1 .ulvoiitaxc oT Lint, type of circuit U that provided the above 
COniliiUint arr met the operating CiirKtlt I k is Ijldcuendent of fffi, 
Thus ir can adjust aiitcwnarkally to any spread of traiuiitor character¬ 
istics and rruuniun the desired collector current, 






























A third type of bias circuit: which it some-times used with silkciii 
LTjJjliilOLy is Bb&Wh ih Fe^. .pi,. Thin in ,:LWTf.<it i j wilk cnihctirr fr.tdhnzi. 
In this case the collector voltage (Va) is given bv 


V f = V, - Ri k Ih, 

- v. - Rt X lm (4 4 ift) 

The haw current , I n) is given by 


Vt-Vi* 

K a + RI ( [ + lift) 

The operating currcm of the transistor is 'ben given by 

, (v>- vmo {■ +m 

R» i - R, (i +hfti 


It should be noted that ash the circuits desetibed ore Ebr a (■odvtntvj 
ctaititT configuration, which is I:ii un; normally u.icd in aadiu circuits 
Eht-ium 1 of iI-e Fviperinr rhnriirTrriMiea 15 an amplifiar. Then- are ruber 
type* of hiac circuit* applicable lo ihe common emitter configuration 
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and also two ether configurations— cim\f!Wfh<-tilttIi>f and 

The £d rreii;mJ-cttUrf tf, 1 (!icifjLy:Lral emii In tOfiLi I kilty provide* DnnufWTWUfid 

bias. With the o^nnox-^sr configuration., bias normally requires she 
use of two batteries. 

Formula t ib-r-ck l Simple current fussing-Fig. 43 

This is Else simplest form of bias and it Is only necessary to determine 
the value reciLHied for one component R r, 

The important parameters are] 

base current 1 ^ - ——— 11 ~ 

Rl 

It follow* that tile rmittrr current nt 

Ij, ° V 'r?** £’+W 

E|J this ease the VUiiatiniU ih wftrlang (Urirnl (la) are sulixIaiidaLly 
dependent cm the spread of frfi, thru this method of bias ii really only 
suited to transistors which have a low Aft spread. 

The emicser eurfent is also very much [nflmnceii by change* In supply 
voltage, However, this effect can be oliset to ,1 large extent by including 
a resistor Ro of high value in the supple Liut, ilie highu liie value used 
die ltd dependent the emitter currcnl will he On I hi' uupply voltage. 

Formula chock; Cumsl blsslug with collector feedback 
-^*■45 

With this form of bias (he mllector voltage is given by 
Vc - V. - TaR i ( l 4- fft) 

The base current u governed by the difference between Ic and V m 
and resistor Ra, and can be determined as: 

r _ Vf — VhK 

Rtt -f Ri (r 4 - hft] 

Tlie emitter current is given by 

Vf - V — 

R.2 + Ri 

(I -|- bft) 


i 





























rUliDmO ANft EJtilfiMSfi TRAM SIS TO a RADIOS 

Ii follows that variation! in (hr operating ail TIMI (Ij) can be cem- 
sidir-ably influenced by spreads in hft unless thc value oTRi is equal to 
or greater than Rs.'n - Itf ?)„ which tti practice is ncunnalty only 
possible with a Large supply voltage, 


Formula check: Vnlmge biasing with emitter feedback 

-FJ* 44 

With this &irm of liitLa the bin voltage i V uj ta determined hy the 
values of Testators Hi, Ra and ih<’ supply vtlugc V.), as Jong as the 
base cum r:tit does not toad the potential divider Ri, Ri. 

Ri, V. 


Vm - 


Ri -1 Ra 


The emitter voltage is given by 


V.-- 


Ra . V. 


- V 


Ri + Rs 

The emitter current of the tTansistew is thus 


p* 


r Ra. Vj, Vm 

R« Ri -f Rs) Ra 

In order to nullify the cjToct of spreads of transistor rharaetriiitlut, 
and changes due to temperature rfrcrij, V**, must be kept as constant 
a* jadhle, which rncatis that V k should he large in comparison with 
Vwa. Equally,, la nullify changes in supply voltage nfWing T=. R& 
must also be large. In practice this demands a value of Vi of about 
i yah fur germ anium tranmaiorE, and a Vmf alimiL 3 volts with silicon 
traosirtore, This rlc.uru.blr mode of working is also achieved If 

R “” ^ ""S"" 1 " ' i “ n (R, /kY)^ + t fr 


This it the same as saying that for the emitter current to be independent 

of^fr 


Vi should be equal to nr gjoircr than 


Rt .Rs .Ip 

(Ri i Ruj 
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CHAPTER 7 


AUDIO AMPLIFIERS 


T IIL j.uihu iitipLilier employed in the radio receiver comprise* one 
or more stage* h if amplification coupled to an output stage for 
maldiing and powering a Jondsfwaltrr, Much, depends on [he puipul 
poarr required. Aft output power of aboul ti* o-q s waits {3 lo tu 
mffiiwattt) ia high enough ui operate high impedance headphones; 
rod about 0-05 to o-i watts (50 ta i® niiRiwatu) a very imall 
loudspeaker, larger speakers to a portable tiuuatnor radio may 
inquire o-2 to t wati outpul. OutpuL power liar conventional domestic 
radio* ia iii she order of 2 to 5 train; and for H-Fi, about m watu 
upwards. 

The primary requin-mm] of au amplifier Is to produce power 
anij'iliiii .iiii.ii «i gam of the aj signal. At the ssarne time ic should rfn ih** 
with minimum frtyxemj dihtwtwn and utSHdmurrt iitizmtp, FnqutiK} 
ij HatiuMi occurs when the umpLUjeationii not the tame on all frequencies, 
ihiLs 1111' frequency campdnenti ape nnl represented ai their runri:! 
relative strrugth {some frequencies being I'mphaiLtcd and others 
depressed], Ltittmif refer* Id the taut reproduction ol the actual wave¬ 
form nf Lhr aigrtAls. 

Frequency dtaxEtfrm ia related to the gain of the amplifier. Ideally 
the relationship between gain and frequency should fjr a straight, 
jiaialiel flue. In practise This la imjHUiible to achieve over tltf whde 11/ 
range. In parch ular rhere will be a n-.urknJ of gain at each end rf a 
frequency range, he. at tire lower frequencies and the J-iighei frequencies 
—Fig. 4-b, 

Provided the cert cf the curve 1! reasonably Linear, the adtUdcD of a 
innr Mi-nCrof will no rmall y miafy listening requirement*. When 

more exact nproduCtioti la tequired as in Hi-Fi, frequency distortion, 
wliere present^ can be campniriaivd by equaJfaation drouti. TJisSc aim 
ui i 1 i'ii >.:u i.iii:: cuiapvnsatinn nl mi upposite nature to nnnneli uut iIjc 
frec|LLriu:y rvsjxjuta; curve, 

7‘he type uf distorriott produced by nnn&arit} ia uiually more 
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ituiiDiiva Avr- nzsmsBSft thamistor s*riM 


■tftitrtiihfo, and llk rrJiitr In* um-plublr. An a gram* I mb', (he- greater 
thr gain extracted from a single stage, ihe greater the degree of disior- 
lioo. Xu practical amplifier Li.i.i l-jli: ilv linear rhat-aiiiTuitiei, evnti ai 
kw gain, Ijlli iiiiu.iLnpjirji>' shows up incrfiMprigly with increalir^g gain. 
Basically, therefore, a large number fjfirjdjvidu.il amplifier singes, all 
upcj jiiijir at low or niodtratc Ruin should give Ira* overall Ikir-ir tUuar- 
licm than one dr two stage* operating at higii gain. In practice it is 
necessary to adopt a compromise solution based on arriving at an 



tnsqLwnGy ■ Ha 

Fig. {£ .W.ptifitn da nut amplify oil frfquenda by the lajDt amoiini. 


acceptable level of diuortion in order to avoid an excessive number of 
it pat .iii- itagn. Additional aiaga earn, in fm.1. introduce caber [roubles. 
In any c?i« the tjtmilion uf distnrtinn is, nrH hijpiiiiciirU in (lie finitl 
output stage, where other forms of distortion can be present. Ulti¬ 
mately, (no, die laaidfpcaktr itself can be tbe main source or distortion 
EEL dll' will lie Syilrm, It i* a waste of ■ llbi I (ft ddigEi iid audio amplifier 

rirriul with excellent linearity rhnmrl eriftir* only tn operate a ptAuf 
quality loudspeaker from is, Conversely, a ili-Fi quality Iwidaprsltcr 
cannot be expected to compensate liu die distortion inherent widi .1 
poor l| uaiil v audio .111 i:iliILi j. 

Fnr this rrfisnn L( is Trally ncrrsi.iry to design lliC audio aciipLillei 
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"backwards 1 , Lr. start with a selection of speakers and their require¬ 
ment* and wntl backward* t<> the first of ai n]ibik-jrioD J This first 
demands some knowledge of the chandnutif} of amplifier dreuin. 

Class A Amplifier* 

The limp lest form of amplifier circuit is a nmglr tra manor wiih laa* 
and Input signal voltage such Lhat the collector current always ffowx. 
Tliii is known ai Class A opera 1 inn, |t has thr advantage of producing 
a tow distortion as well 1? being simple to design mri Hpnjtmcl, but 
the diudvasttagr uf drawing a. KOaiii-cly itijib curreuL all the rime. 


bias 
naif*? Of 


n 


1 


4 


output l>r 5 


Input 


-m- QulpUl 


^ ^ N-P-N 


•oppry 

Hlhop 


Iranuletbr 


Flft, + -j Ibwii iisiijAitec i-IiChe! iilii'iK a ilbrjin K-F-N iriDuitw. 


The simplest practical form of this type of circuit is shown in Fig, 4.7, 
using a single mis tor 10 provide current biasing im Chapter 6). 
The output loud muM tw nf rrlafivnly high ieupciiatuee 1 several thou¬ 
sand ohms)- Tills can be provided by a sroond iranfintnr amplifier 
singe, or if used tu an output stage by a step-down transformer to match 
ihe choraeicrisdi.illy fow impedance of a Loudspeaker -|-rb ninw 
immimil) h.' the; *tage RT|iuri itj ■ ■' The ;jm circuit l'jji be cicil With 
a P-N-P transistor or an N-P-N transistor, ih« nnty reqnirrmEtn being 
(lnu the supply voltage is opposhe in polarity. Choice fit an X"-P*N 
trajisisLor would be preferred as tlus rype is more stable with simple 
cununi 11Jj>,i uk luiiLir a afnglt refiitor. 

1l u rrni-rc liseijJ, and i£i i i i iliv mmr deSiLhjLlr, lu riuploy voltage 
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hsining with rmiitpr feedback, »hrre the basic rirctut is as shown in 
Fig, 4&, A|i;i in ttic same type of load is snc-d for the output, and the 
circuit it identical for a P-N-F mndidv jud an tniniiitwr, wdlh 

supply voltage polarity rwereed. Values of suitable bias component! 
can be determined from Chapter 6. 

Tin: pmim-fpm. which tiih be aihirvcd lie in nidi a rireuit depends 
or the transistor charncterisdca and dir Snail. Transistor thariLcteruiici 
are Riven Ln the (farm ofgraphs of collector ecmiih fl c ) plnin d again) 
eoDeclor Vtdttjfe (V D ) far HifTrrrni vainer wTbior (b*« tninml, or [p], 
'ITtcst curtn typicallv take the Form shown in lug. 43 \set aim Chapter 
B). 

Tlir cnUprtpr ™LtagF u the Supply voltage, wlikh in theory can 
be any voltage tip to the maximum rating sped lied Irom the trafiiuroi- 
tuhixfitcd. The collector cuti -m l ia Lately determined by [be (onrl, 
pind the bias by ihe working require rnrnts (but ik alio Chapter d 
again). 

Tilt patr-rf that cut be dLidpiUnd safely by a tranaistm it represented 
by the product of Ic and V L -, and u represented by a singie value, i.e, 
to many watts, ’lids nan also be represented by 0 fm.-J line dt-awa uta 
tin- graph. Any product ol" | iitv. e( firian> tSib) cnCvr ii frasihlr 1o use 
(provided limiting values of either Ic or Vc are not exceeded;. Any 
product of power u,'‘0[> this line is not u-r.ibk since it overloads the 
(raiuis)w—Fig, J0- r Cdhapouent valuda an: tiicreluir' calculated accord¬ 
ingly. 

Note: 1 Liis also emphasises trim the maximum power rating of a 
iraiviLiit-r » eiol sLtuply dir produCL of le max. and Vc max ox h ii 
tome rimer supposedly tab n tn be, In m l-.r r h . md s it Li wntr ptmiaibit 
h apply Jwfrt .m.Jtit.'JuVJi Vi: W le a 1? transistor Mumlhuwuiiy c» 

lh: i will driistzi'ciii? cuvriiti id it, causing It to burn oul 

A simple dil'c-k on individual Erur.sLilor characteristics will confirm 
this. For example for an OG84 Imndstor 

Vr max — 25 volla 
Ic max = 500 mA 
Fower max = ado mW 

Erroneously employing Vo max with h max would give a. power of 
25 X 5/00 — 12,500 miHiwatti—nearly 500 tiuiea the maximum power 
rating of r lir iraieiLittn1 
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Fig. 4B Baik traniirlw ■tnpIL-firif wiili vnkiu.r- biu pmviihd by Ri and Kl. 
St j nnit L'l »re icyltiLliiLng coiDpuDEriti, Fntar.ty Lribtiwn lor p P-N- 1 ' ujcuiiiaj. 



Col Iwl-Slii mil Lcuja 

Fiu-49 UluiLraunfiJiciwiikijdn'iurn pawrrrvLnn|jiirpt|iiiiiitiiar aielated incolSKlor 
cuiwir. i'ull^:i»» village uikI btw :urnm in raitur/m mil ler cimiIihhiauciii 
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■ CLLP>|?jC; ftJJP P£SI&N 1 N& TRANHITOIt ftAPlQI 

The ideal maximom efficiency that can be nchaevrd with data A 
operation is 30 per cent, although in practice Li ia usually substantially 
lr-is in otdrt W J-Vend tnt> much rBftetttiOn, l,«. the amplifier is br*t 

operated at well below ntartimum possible gain to avoid troubles. 



fip 30 Working ^n^lDpc sir a iraasicior ai 6*ed by ju pm^i mans, muiimnii 
cnltKior current Aiad jiLitcrtMiir, aqUncior talujgr. 

Amplifier dncuit.i of chia type can feum the buiis -of amplifier siugr.*, 
coimtM-tjjtit; two or more circuits iu scries to derive Lhe required amount 
of wist lac operating each stage mitlm reutnubiv linear character- 
3s-lici, Sums timpliliraliun uf lirruLtry 5 ^ pnsi.iLilr, llthB iJjlui using 
complete voltage biasing dreuils associated with corh transismac. Tim 
output stage in a modem amplifier circuit, however,, ii normally a 

Bo 


AlltUn AMPLIFUflS 

push-pull iypr 1 spiraling as a i-lara B amplifier, Futh-puJ] circuits may 
uliao be wed os a drwtr in ntulti-Ht jge amplifiers. 

Class B Amplifiers 

The immediate advantage tillered by a push-pull clast B ampLiiirr 
m that the output power obtained is coemldcrably greater than double 
the ptvi>i!T iif a single transisior. Also chn average cunecit drain a very 
mt*ch lower than wtth CILlis A operation because rht trauahicmi are 
biased so that their working point is near cut-off anrl quiewent current 
“ virtually wro. {Fig. 5.1 shows a ‘working * 1 diagram rfClasiB operating 
chanictctisijcs.j 
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I I ] l.n I HU A NO HESIOMN 1 ': THANSta J'OH RAPID'S 

Apart from much lower current conFiirapdon, making It mosc 
suitable fur biiEi-rrv operated dicuiES, liie effiriizEiey of a Glim B output 
llu: approach Bn per cent. 1 1 dors h^-c iu inherent limitations, however, 
and in particuLif a proneneis to rrujjiMtfr duisrtim. Thu La diiiurtioii 
produced at the diange-over point when working is traa-it. rn*cl from 
«ne transistor to jiio'Jict (thiuigtng from ‘push 11 to 'puli’ and 'puli' to 
’puih'J. 

CtausKwi'r distortion will be moat tnark*d if both transistors are 
bimed exactly to cut-off. Il ran he nvercome, or at least the residual 
dirtortiom. can be mbsitanEi.dty reduced, by selecting the him to thut, 
twir transistor dews not cut-oii' until die other hna stopped conducting 
i.c, there is a slight overtop at die changeover. tl ui'ornjuatdy die 
ajikoujj! uf oV'dap w||] tend to change both with the operating |cmp- 
crj i'irt uf the transisiora and any dimigr in thr supply voltage- hqualty 1 ! 
dciiereri'.’i.-s Lei tlLchpicad of dimracteriitici of different iransiatnrs of die 
same type can make design for optimum bias dOffruh or rvcti ImpKabie 
without farther 'cut and try’ adjustment of valuer. Il is possible toi 
incorporate oomprmaiing cornfKments in the circuit design to niiiJ- 
iitkr the; uqdriinbk effects of temperature and cluiraeteriSEic spread. 
If net esHuy the supply voltage tan aho be stufrilited -e.g. by mean* 
of a zener diode), 

A Practical Class D Circuit 

A busk push-pull trajoifironlrsi output circuit is shown in Fig. 52* 
using a complementary pair of transistor; TRa and TK.3 stud a driver 
Eiansiipir TRi, Jlios. quiescent voltage for TRa jnd TR^ it tet by the 
value of Ri (wtiich can be £ variable rrsi.itor/ the value of which is 
Less than Ra. Tlda Kttthd resistor nets to stabilise the bias supply. 
Additional very low value resistor* inserted between the mltcrra uf 
I Ri-t and I R.3 and rhe conLieciuig point iu Co will "riprove thermal 
liability. Alternatively, Ri could he paralleled with a thermistor. 

Direct coupling exf ;i iransistor output to a low impedatiee load Lu 
cilia circuit may are pi .1 direct contradiction of |nrt*jmu caplannihins cnT 
Eirm-iiitor ctin,rn.ctcrLiiicrs (c.g, m Chapter G), Thr difference in thii 
eik is dial tlie traiLiis-iurs '-cnplm-rtl a-rc power craiuiit’Ots which 
characteristically have a low output impedance and can thus be con¬ 
nected directly t*> a low impedance speaker without die need fur an 
output transformer, 
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fill, jo Sifu |Xir Ji:w [towr.t audio amplifier 1u.1v; a minimum uf campanEr,ti with 
direct coupling 1o 1 mbiiiturE 4 -ohm or H-nhin Jmdipcakcr, Cornpnnrn.1 v*hlti| 

P. ■ oil iihr.i 
k'l— I k idirn 
B.J-1 M oh-lll 

Cl— 

Ca—lytrea uF 
C3.—5P nF 
TKI —BC ton- 
TE.S AC iyS 
TR 15 —AC 1 sit 
Supply: 9 vutls 


Conventional practice tj to iuc this type of circuit with a single 
stage of initial amplification provided by a fourdi transistor. This 
Iraiiflltaw Ll- made to wotk lnilli as jii aiEipliGer and a dr differem-e 
amplifier, comparing the. voltage offered by the potential -divider with 
the 'end’ voltage in the type of circuit ihown in Pig. 53. Other points 
to noLe are t 3 i.it the negative feedback is token from the output stage 
to die etiliter of TRr viu R q, wliibi die Lnu-oducdoii ofeapacsinr G3 
pioVider > li:-. :-Li |ill 1 il~ hctwci 11 tloiwi Livei poiijE:!. A EiiiaCI jonoouE uf 
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Fif- f,:> A Minrr nr iiFini...r,l ir|.v i>\ circuit Far a r-wiu audio HIDpILIicr. 

Cncipnnem vaLiies: 

H>—Ij t -Oticn 
Ha—■ i t!ini 
Hj— a-j qIiq 
H 4—l j 5 k dJuh 
Rf, -a-n k nhm 
ohm 

Rf- -a-B k dhjn 

HA— I i, ohm 

Hp—)l« cJun. 

Cj^-jdi fiF' 

Cfl—ifl-j H-f 

C3—4M jtF 

<H—gas h-P 

C3—udoA jiF 
C&—■gats mF 
TfLi—AC ih-j 
TR=—AG tafl 
TR3—AC ilD 
TFS 4 —AC hj 
Loudly enter: U oh.ra 
Supply.: g volu 
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Fig, 14 A lML»r dttuLi to Fig. -13, bui ilmpnEit for H «*1U inipill, Lallan higher 
|Kiwi-i li uniuuri. Ccrsponent valuci: 

H i — yi k 0I1 eh 
Ha—cao k ohm 
R;t—4? k 0*1611 
H4 390 cJun 
R.*—M ohm 
ELS—a-o k ohm 
Rj—15 ■ohdi 
H.6—,yfe> c 4 m» 

Rg a-n ohm 
Rid—8-=J 0I1I& 

> Cj-B 99 nF 

<ig—as ifiF 
Cj—fl»ci p? 

C4—3-3 nF 

Ci—tif 

TRi—Htl n# 

TRa- AC lafl 
TRJ-AC 176 
TR4—AC 1 gfl 
laaiutipcokin B-iSnhirv 
Supply- volu 

























































PI UHL DISC AJiU Bill OH IN & Tft ANSlSTOK ftADlUS 
feedback is ii:-jjLt:udui cd yia R3 io reduce die ctTccu of spread in ljaLii, 
anrl thus rli .l irm- m. 

This form of circuit ii capable of excellent performance with low 
Htimr rTnn Timainar Types arc choacn according to die output power 
requirement!, which in turn delrrmiic the drive runinl rrquirerl acid 
the degree of preamplifkadon necessary. Component values given in 
FJ& 33, for a 1-wan iai:i|i]i£i::t„ and ill Fig. 54, fin a q-wuii Luiiplihu, 
are typical of‘stand anf design practice, More complra circuits are 
demanded feu high, power audio amplifrerB, especially lor 1 ii-1 i 
working. 

Sone design! may 51 Iso incorporate the winner «urW potentbmetrr 
in the amplifier stages. For minimum distortion this should be placed in 
srrirs with 3 flow of rurrent, tiomuiLI'y icmnrdlaLely fuLlciwijig [lie pln> 
amplifier (first stage). 

Uf Amplifier!! 

An. amplifier stage may be inserted after the tuned circuit to improve 
tfieHirnngih oFrfre aerial signal, and thus the imsifiMfji of a receiver, when 
ii U known LIS ^ /rrtjiipjCibj'iiT, Tin tliii case, a hash amplifier dn:Llil ii 
adequate, e.g. similar to Figs. 47 or 48— but using nn r f transistor. A 
somewhat superior performance, again wish dimple circuitry, is given 
by an FET amplifier at Fig. 73, Chapter 1 I, 

In practice, rf preamplifiers use mcrtly used in superlvet receivers 
LLuiitig to Ihtjutaciu of about 50 kHz or above (e.g. f M radio circuits) 
IffiW the signcd-ln-iMbu- ratio iulirhenL llL these higher frequencies it 
usually peer without some amplification of the original frequency. An 
FET amplifier in Ibis case ts even mote desirable than a conventional 
irrmidiinr iinipLiiirr lircauir of iu iulinivnUy lower noise level. Pre¬ 
amplifiers used in this context are generally known a* fmiflzctar r. 
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CHAPTER 0 


REGENERATIVE RECEIVERS 

T he regenerative receiver work* on a ■supercharging’ bau, but 
quite diffcTTni n> Lbe principle of opentixm of a superhet and very 
much simpler. Part of the 1/ muJiEtig the dthrlor is fed buck lumJ added 
iif n 'bow 1 m die incoming signal, emitting Lii a substantial increase rif 
signal strengjb. FlfeCtlvWy this increases itu 1 muidfwj/ of die receiver 
(as incoming signals are received at greater strength); and abp increma 
ihe Quf ci l 1 ■ Luucd circuit, and thus the .Tfhtfui'Jy. 

‘i'his can be achieved by quite a simple circuit finer the process of 
tic lection and regenerative fcrdtiacl can be uscomphshed uuiLg a 
single j/ tranaiiisjr. lit other words the trs^niaicr is worked bot h ra a 
detector (or rectifier, and an jicnplifier, rhenr air juaL two basic 
requirements; 

(i) The degree of amplification uf tf achieved is proportional Lu die 
imirhunt of feed Liar k. It is limiled only by die amount of feedback tlu- 
trniurialrw ran handle tvitllOUL being excited into lull Huliun. Thus to 
achieve maximum gain ii La ncittury to introduce rorur unrt of adjuKt- 
ratn 1 or control to give the maximum uniount of feedback ptniiililr 
without r 1 1 ■ iranitLjiur being driven to ihr point uf breaking int^ 
oscillation. 

(ii) It ia necessary that the feedback be 1*1 pAost with the: irimming; r f 
i-gnal, niberwise it will have a cancelling rather than amplifying efTm 
on this rignid. 

T]br frudbucL signal oan hr coupled W the aerial circuit i ll her 
or by u enpatitor. Inductive coupling ia muiLly prelerred, 
when tlie coupling coil clih cnsiaui of a few turns of wir wiMind on a 
paper skive fitted to a standard lapped ferrite rod aerial mil Fig- 55- 
Tlir cLunplL-LL 'fr ont end' of a simple regenerative receiver i* thro as 
shown in Fig. 56. 

The choice of uimiiitor ii Enirly miKtilitfl, provided it is in r/ 
type {not an t[f (ypr drjigru:d tor use in audio frequency HLireuits}, Also 
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Ftj. gj ReyeD. coQ uk« Lh* Icjji.i iif a. fn* tunn ufcnani'ikii wire on n jrpjrunc 
skew: Errr Id slide nn □ firn.it rod icrcal 
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ii-Z. 36 Simple [igiiiintiTT receiver circuit hued. an a r-V-P luiia^iui. Ttai 
poini juarlctd Ear cnnufctina liifj h Jaiptfliwcse [ilvim* p> Itarn in And AiJjujI cinrail. 
P'nr ri'.ijil.i'i; in nn tudiii ^mp'lLlier, the output ii Ulcer, frwu ch* :ol:tcior of iJie 

uuuiiciK. f!i:riL[> irLijii 

Ri— 1 M cihjli [■(# iiifihrr vnluc> ni found bcvl bf lest'' 
i'H k ohm 

C1 e luting capuiLiijf in itunUi d met ml eSreuli 
I!»—Ci Jr' |if jut Iririjer. « ftKirilii btii by test; 

Ch —9 or 10 »F 

C4—jnq pi? vj.iiat.lr- £A|M£rtof « Pfilnttaer 
Ci —8 or 10 p.F 

Li, Lz— imidird aerial ccSu chi ferrite cod. 

Lj—fegrIL. foil (y-i I.Lflw i/yii s-w.|j wW] 

TR—tK^n* or nrnr equivalent 
Supply:: g void. 
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ihe higher the performance charneirnrtirr the belter, Current bias is 
provided by resistor Re, [he value of which ii dependent on the choice 
pf mtt&ttor Lype. Alternatively, piling a I megohm psErnliftnieter fur 
Ri will enable the bias to be adjusted to match the characteristic* of a 
wide range of cortunon low-power r/ traiiatalar types. La b die enupliiig 
coil already referred to. and C3 nrr the KElbilidrig Guncparwrtt* for 
the translator, c.g. typically 1 to 3 k ohm for typical low-power tran- 
listOM. Cj ran I.. arty value hrLWren -2 fxF and IO jJ jlLS actual i .lLik 
should not be critical). The remaining namponmi is the ym pF 
variable capacitor 1U4J included as a feedback control. Actually 
then! ari- Iwi'j Gxilharlc. Von'mli 1 —this Variable cap ad Lor and die 
coupling ooil on the ferrite rod. the pratitton of which ran hr altered. 

The complete 'front end 1 can be coupled to a conventional 11J 
UccipELfirr I'n.g. ire Chapter y). However, ii ii nor nfx.r.ij.u-y Ec> Luilil J. 
complete circuit to check that the front end ia working. If Ihe detector, 1 
regen. circuit ia broken at points XX, and high impedance phones con- 
cnic:lrcl Imre, ont: cjt (wi,i Birring ilnCtiiiu jfcioulil In: rrcxivncl at lisLrjjlllg 
strength, uaing a 9 volt tottery supply. Tbe original circuit ihowa ;t 
F-N-F transistor. Polarity inusi lie reversed if an X-P-N transistor is 
uded. 

Gieckingout ihii dreuit will establish lhal it is working properly and 
also shows how adjustments ate made. Capacitor C4 should be set to its 
mill position and In ;iLii-m:i( inside Lu Lube into ajiy huiildi -it.t -I.iIlijCl, 
adjusting only the tuning capacitor in the aerial circuit (Cl ), Then 
adjust tl'.c- Oi.. ilf.'i of the coupling coll on the ferrite tod (ogive maximum 
volume, readjusting she tuning tupadtar as well, if necessary. If ibis is 
t u ctttf ftll. liwuld hr adjinlrtL frirwanli nr har.kwanls mail ihe 
eransistor starts to oscillate or 'bowl', then hacked ofl’juit enough for 
the 'howl' to disappear. Finally adjust Ci again until madmum volume 
u hcu.nl. ; ArljuiLrncnl of (Ip will uUi l L tin: luclinp; jlighlLy, wlurlt ia why 
Ci h« tn- be readtjuBied). 

If no 5igK.it is received at all, (hen Ihe feedback iign.il is probably 
out of phase. To correct this merely reverse the connections of the 
coupling cult, Failure to n?i:rivc any signal could, of course, also be d ue 
(o a poor dir rial clrTLiit med in an arm where rurlit.il pereption u wetilc. 

If a signal Is bedrid but no adjustment of C4 pimluccs oid lUrion, thr 
coupling coil should be moved at,in* cite aerial coil on the ferrite rod to 
tighten the coupling. Alternatively if only a howl is lieatd with C4 in iLs 
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mid petition, move thr coupling coil dmey fPOELi dir urrial cd] until it 
dbilppean. 

Oner the optimum petition ibr (hr coupling coil baa been Gnand it 
ahouEd be cemented to the ferrite rod. The upiitnum weting of the 
itiwU! capacitor O4 may need i-ctuJjmim. nt when mn oj ampELOcr is 
added to the 'froiu cud' ire Complete n working radio ircrivmr. 





Fjff- 57 fiitiijiV: tq !l riirr. ( |ii T r ‘fronl tintT, not requiring a rrgen. iaiL Tcie painL 
marked n for lireiiinc in with high imjiediij'M-i 1 - fihimn li> th*ck drrnii Jot wwkinit 

i-I’M-ixirmI value;: 

R ■—■ M dim 

fls -tt-a k olldA 

til—luaiEng rapBcilor in aLanidBrd j.;j iaJ eleeuLi 
Cb- reo pF or ao pF vatiniilr (trJmttWf ^pH*ciloT> 
fij-G'|}1 

TR—jX'ju’G us cq jlvslena SUf-S type 
D Jtnmj.iu.3itj ttJoda 

Sujjvljr I 0 vul Ib- 

An alcrmaliye design of rtgejierallvr 'from ttitl' b shown ire Fig. 57. 
This employs a tiaitsu-iot pn -wiiplijitr £b Unwed by a conventional diode 
detector, a proportion uf the pnr-amplififr output i^bo being tiipped aa 
feedbaek. Ij: tlm twe thr Cndbidi is capacitive—coupled 10 the aerial 
dttttii via a small ire p>' nr so pf 'trimma 1 capacitor Cii. Again, the 
tniusiarnr uied must be an rf type. 

Adjustment in this case Is slmititr,, but ibrtpjtr. Again high imprdnncr 

go 



Fig. 5H Complete three-trumijsiir reffwwntfiw receiver. A high uoprdancr 
iiyjdjpj-jLer r,.r| In; erarmcvl&ii directly to Ike output. AIlertLkLivdy die ampui 
point] cun be connected 10 a msi output LnuiiUimirr, il ; - iccmidnry of which 
ii rdK a low 11 Biped.*race iprnkei. Cmnptinem viLies: 


C4 - ion pF 
Cj—to rK 
C 5 —40 pF 


hi—V k nlnri potentiometer 

Ra—ySo. k ohm 

Rj—5 k rihm KMutoniiiMiirtcF 

R4—4 Jl j k ohm 

R§ k cduH 

Kb—BO k ohm 

R7 —a-a k ohm 

hli—3J k Hgim 

R[|—4-7 k ohm 

Rro—- 1 . 5 , Ik 0 L 111 

PUl —470 okm 
Rlj—H ire ohm 
R|J—ireq. dim 
R14—10 obrai 

C: lining cajurtitue its .iu=n:=r.-l 

dnait 

tJ j—o-ira 11F 

Cj -330 PF 


Gy—in (it 

CB—4a |rF 

Cy Eon pF 

CtO—Jud jiF 

D~germa.iuu.m pn ini-cm it set riiiodr 

lii, Ijj— resndnnl SeHal cutla an krriir 
rod 

L3 regeu. coyjiytjK hi«| nil limriirr nod 
I mil',inn an 3S-44 i.w.g. erutmeUEtd 
wire on | r potyatyBene ecii.1 farmei 
with inirt cluit <ri«rr 

TKI —AF Bay 

TRa —OC 71 
TRa-OC it 

Supply: if wki 


Sate: ragea ji idjuiterl by R: iml. Alio by ike i«r rf I4. R$ warii ju a nhoree 
oooticJ. 
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plHMio ran be ooniiected where down [or tesiing H md the drcujt tuned 
ro any aiatbwi via the tuning capachor Ci. Capacitor Cfc fa adjusted 
until ihr. tranostor usrilfatn. then hacked off uotfl the how] juit dfa- 
m**™- This will have upwit (he tuning slightly so Ci fa r*«|juFtcd For 
maximum volume. If Inmble fa experienced, substitute a * k or 5 k ul.in 
ptnentiometer for Ri to adjust Lhi? trimriator hi*i for optimum ijrrfonn- 
4 nce. 

Ii fa possible to dapi-jur with c»pa<jlt><r Ca and amply take ctmnec- 
tioNK Iromdie snial circuit ojjJ collector of thr ttatisfatoi with short 
lengths of insufated, wire. These wires should be cm so that they can be 
ortaitd together over a length ofakn.i |-J inch. Tin: bare ends ofde 
wire must not touch. The rwisirtl wires will iheo form 0. cnupling 
capacitor aud (he degree of i cojpJing can Ije adjusted by twUtrag more 
titfhily or untwisting, Once the opiirn-um amount of coupling has hern 
cai^blfahed tErny ran be cemented together. Any further slighi adjiut- 
ment iifc*:dcd can then In; made by inuving de patititin of the 'twisL' 
relative to other components. This method of couplingt which elim¬ 
inates one component, fa quire critical ofparitiaa, but despite LLriipparent 
crudity ran work very well and fa even used cm commendid circuits. 

A dnign Lor a complete npucntfvc reedva- circuit using three 
transistors is shown in t ig. 
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CHAPTER 9 

THE SUPERHET 


qnilB supeihrirrodyne receive* or ivfrrkri works on the baifa or 
J- com billing tiLt Lma-jtntng rf syjtud with another high ErequetKy 
sifitlid and extracting fl 'difference 1 signal at n fixed hibrmtHitie 
/r^Mrnry (i/.l. At the kmii: time die af cam oat of the original rf signal ii 
tmnaftrrol to the tf aiirn.i I frequency which now Ivanna n." "rai-ripr', 

I hr if output ti Lh«n ampLifiaJ it ihc mjten&efK**e iiDatiEftL^' before 
Iv-ing pasirf in the dr(a*r. Only Lhc Trent end' of the receiver fa 
dIt-LLid ,i lif rfececiiiif und subsc^ufiiE +indjo ampLifirr stsgta bciiijg (hr 
sajtu: as with simpler rectum except that the detector pcimudiy 
npern t'-j dt a higher input became of die preceding amplifier stages. 

'lids 'front end' compffaes a iecni otcUtnim gene fating a high frequency 
equal (o the j/earrire pUs the inirrjncdblc ferquenev, and a RES7, The 
mixer receive* r/froni the arrial timed dicuil and r/plui p/IrmiL the 



,YI The 'icdiie end" Of nil AM aiijH-rlirr reeeivw iu b-ji ilinidnn; funis. In ilic 
rmc cf tui I Tsfi ■ '.=p*rrh-rl_ tie (bn. ii ;i 11 f AD'ijihk-rr mnneciiiij id u r Ii j^i|r 

ir.ruJ. 
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luml mrillnor. From this It retract! the modulated if as an output, 
which is paiud to dtp \f *smplifet7—m rip, ^q. It folfowi (hat the local 
OKillaiur mtrniit muar tune in. ltep with the aerial tuned circuit, liciw-.r 
e-irh incorporates a lutur! circuit ganged together. The mixer receives 
a combined waveform m an input, die tnaiii r.umpnnenLs. of which are 
tin: orifipaJ aerial and asdliMur FTticjMciKicB tergetber wills tlide mm 
and difference frequi:itdrd F The diffmna Jiequency u then preferentially 
selected by thr miser tuned circuit and pasted ns an input to the if 
amplifier. 

iLxxcdy the laeme working principle applies iae AM ,mrL I'M receivers, 
except that she aerial ugntil far iFM L normally received by a di|it'i 3 c 
serial ;inet pFa-m^lifitd bdiinn l«rng passed to the tuhu-r, (r.g. sit 
Chapter 2;. The other main diflcrence is in the throve of intermediate 
frequency—470 kHr for AM and 10-7 M Hr. for FM. Also die usu eiJ" 
more stages or 1/ amplification ri usually with t'M (commonly three 
Eta^ea few FM js compared for two rtHges for AM), It ran nlso ter noted 
dial with AM ibe local dk Lila tor is Cal mnsl 1 invariably tuned lu a 
frequency of 4.70 kHa ahm* the aerial signal frcquiAcy. For FM, 1 he 
Local cudUaior may be tuned to no-y MHt ulxivr m bebw die aerial 
signal. 


Self OsdlLilmj Mii;r|c 

Tim design and construction oF praetiml Incat oscillator and tiiixcr 
circuits is conriderahLy Iras- complicated than a description uf taut' 
they work! A single transistor can act both as Lh:h:;i 1 tmcillalor and 
mbti i, or a? 11 rslfamitatiiiP trrixcf. A virtually standard circuit 3or this 
is shown in lug- Bn, together with a representative aerial tuned circuit 
and inductive coupling. Correct tracking of die two tuned dr um 
can be achieved tiring padder ca.pad.tots in parallel with die tuning 
(ui[w«Et(jrr, or by the use oT Lcming atpftriton with specially shaped 
vane*. 

The only t^ul limitation of this circuit is that it h sensitive to 
uray caparilancc which tan cause feedback From osdJIator to aerial 
drvtritt, The possibility oFthis uecumng can be eliminated by pEac-init 
a metal screen between thr two sections, although tEiis is not always 
a complete shiluilon, Stnty capacitance can also mfo- from leads, so 
all leads (particularly in the aerial sccuciu) Khmjhl be kept 55 short as 
possible, If ;lh external aerial is coupled in the aerial circuit, theu it 
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Fig. So ‘Ihii 11 a huic -aod virtually iLmdird design Cara combined.furiHa.ior- 
mi'-T rlrniit, Typical comfHmicnl valuer 01 be found in <,13, Ll ■mi r.j arc 
iJi< acid coils. Lj. Ly, J.3 oje die windiniyi or the rscdljjar rnitiiixiriir, Lj and 
iutiHeUted vHiioble uptelUf farming * tuned drcdi tuned In imp with die *edd 
liuied cirrut l>v staging thr respective capacitors {asindicated by LhedasJicd line!. 


should leetl by a series capacitor to limit die extra capacitance dial 
the aerltd wire tan add to the tuning capacitance in this circuit [at 
asm Chapter at). 

If Amplifiers 

An if amplifier stage usually consists of a transistor working as an 
ajupMiu with u tuned input mid output circuit. The tuned dreuiu arc 
prnviLled hy if Iranifnnatrs, lunnl tq the inLrrnccduiLc fcctjurniy. TIilj 
in an AM/FM receiver, teparau' tf 1 ninsdnmen stt requiriMj ai each 
stage usually with primariet connected iti leries. and secondaries con¬ 
nected in series, ultimately Feeding separate- detector circuits., 

A basic circuit Jvi it single sta^eli siiown Lu Ft^. 61 . Tlie tf irauiilbrjnei 
□ da-mally i imriw uf j ohiltd cuil wilh jjj Ijlui dust core Lot inductive 
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Kip. Si A Mile if amplifier cin:ul i ijvmpruing a ii nplr itage. Twu i* mem: alagei 
nay be employed before [fit c]<jeel-nr, *,j. stw FijJ. (i 3 . 



i-'«, or Two Kajtisi (rl an if unpllfiei elffiiit, jbawuij* Uuf <u n iJard nmJhcd of 
coupling. Hie iixi^c-tuned i/ir»iad'in|nrn (in dkslwnj Wnj nre i£junej by lmn 
dim ccra, bn rehMUiir a4 4be if (miernK&Ate fa^Many) cho*t c. 


THUJVfEKHET 

lumng, For Isrsi inula, bofh cqIIj Lif the Grajufiirmec should be 
tunable. 

Stigii nmiieetiiML.1 an? ami follow an the tinea shown 

iii Fi g . tw. h, high quality (krigns, however, fitten tnay be interred 
between itagw. These may be paewefectric ecyntab or ect-amic filters 
manu&rtured tn 1 1( * resonant ai the inlenntdaic frequency, l he use n f 
, “ (h t:ai i improve if tuning and reduce noiac. Fi should Lr noted 

ih.u uidt film alhjulrl be of tartar type* l.t r capable of passing rhe 
nettwary lt/ hand width and not Hug Leonid ayiftaEj. A typical double- 
lunecf two-*tigr if amplifier a ihown in Fig, 



tig. 5 3 I 'wn iLag* tf » iypic*l if omplifim d^file-cu^J if r^^r,. 
AJ1W1 frmn U,:h 1™™."? ^ weandary Lhe trarulVnun beiafi u,r„-,]. tbii 
tiicMil lx nrluaJly identical m fig, Q a . 


Auinmaric Gain COilLrol 

The ■activity of 0 iuperfiet rrcrii.Tr u inlureutly high In (hr r/n n d 
ij ’tnges. This unplla ih*t Ln Lb= presence uf a rtrong AM Hgniil e*e»- 
nve aniplifie-ation can occur in the tf amplifier, resulting in 'dipping' 
oi the sugn-iL Stun* rj ritgtiaJ strength rcDrivrd in ihe aerial circuit may 
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VMiy cimnnauiLy jri strength from oik station «o antfhec, the possibility 
of li'iis happening is very real in practice. 

Clipping, and thua d iutcmioTi of the am pB^wj signal, ran be avoided 
by applying dwttwiaJic gm tfntarf (i^jr) whereby n proportion of the if 
uiitpui is fed hack to die faun i>f the >/amplifier to cutml the gain of 
the iirat stage- Any rtw in signal output then ..mioii.iuji'.iljy tends to 
reduce the gain at the input stage to compensate, and vice versa. 



Tlirre are a number of ways this can he done, one of the simplest 
being shown in Fig. 64. A feedback signal is topped from thr detnrinr 
and apphi'd in serin with the haBr-crnhtei veiling-!; of the firrt tf STiin- 
ainiH', rrmtTTilang the bias in proportion to 1(117 working voltage appear¬ 
ing ai the detector. The change in bias dm? modilk-i. gain (L*. reduces 
it with increasing dcicc-uir voltage) in revc/Ee pjnportiou |o the drtcrtnr 
Bgnal r Le. prcjyidri aulomadc gain control- The riaiswr limns a polen- 
tial divider feeding the base of the fine Lraushmr and ran be chosen lo 
bili-i; the diode to its sharpest. ^perilling point, improving its response 

S B 


THE SBPIItHIT 


1 o weak signals, Capacitor Ci is needed to eliminate rf and aj volL- 
ages in ihc age signal 

The [rrevenre of af ragnab in the age voLiagr would reduce the 
modulation depth of dtc itteoimjig ligcmL, Equally, modulation must be 
filtered uut su that (he cjjt signal is in the form of a &t voLtagc wicH an 
average component fallowing the jutngtli of fbe carrier. This. mear.; 
that the time oj.iuu.rii of lIlc fcriatanCc and capacitance Lo the oar 
circuit most tie Inng enough for this to occur, hut not n> lung that the 
age can mil follow rapid variations in dcicrmr signal strength, par¬ 
ticularly fading. Ntmiudly this call* far a I'nirJy large value ofCi, & pT 
being typical,. 

A diode can be added serosa thr first if transformer although this it 
not .strictly necessary, Hnwwvn ii ran substantially improve the gain 
control perfrirmance by acting aa a damping device t?i ucalkr. the dimit 
accommodate a. wider range of tf input voltages. 

Auto made gain remind is not necessary with FM receivers since this 
funeiitwi la already performed by the Smite, Soirietjinrj it h added, 
hnivrver H to improve the pcrEittnant:! lkF the if amplifier; or a single 
diode is added jmt uiussd . if the Srmiicr to serve a similar purpose. Wlun 
is virtually _i "u andkrd" design of AM superhei ditiiitiiilttivn in Fig. 65, 

Suprrlitt Alignment 

A furilii-j problem always present with the construriLLori of a superhet 
nerjirvrr is -aj'i'gj of the tf amplifier, This really demands, the use of 
a calibrated signal generator ai well » a universal meter. The signal 
generator should be capable of producing audio-fi<-qtne.cn y dgnab and 
also tlie intermediate and radio-Erequtt'icfcj it Jm nerra-ary to explore, 
with provision lor modulation at iditeinqiiHidn. Where of and rf 
sigtuil. geuctaLors are rmplnycd the bJ generator should h ave an 
iiij-..t! I.nn. nf the order officio obms h which can hr fed dlrceily into the 
top of thr voEume control of the receiver thmugb a mK ohm resistor and 1 
1-1 <F isolating capacitor. 

The rf generator shmild be of low Impedance {of the order of Go 
ohms ontjjut impedance) and, in general, cast be fed inLu- the base- of the 
1/ trasLiirtor or mixer transistor via a d<j uE capadw, 

W r here a signal geueraiur is available, the if jtagra and signal crrcidt 
arc nlijpied separately, In bath ra»rv uuug an output power meter or 
or voltmeter con united acro*» the Fpeech coll ispcaker teiminals}. 
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Before attempting alignment the volume oont^l dmulrt be wt to i 
minjTTiujrt in order to hk thr Lowest wgnn,l from the signal generator 
consulem: with a reasonable output, e^. j;o rniLli watts or [ vpli fliroii L]-r 
Speech cd], "]"lii= AVcddl ugc ajainu., 

FrjT aligning (he i/stages the signal is set at the \f (normally 470 kHz) 
and usually applied to the base of die if transistors uid mixer, in sum, 
M-ujliiuE lMckw.111L1 l i.r. starting with the last if transistor). The cor¬ 
responding if transformer core* nre h in turn, adjusted to maiiimim 
output. The signal El Etijiroicd Usinu; a up, ^F capacilnr and an Run-nlim 
rt -;i1 ■ ■ i in n-ri™, with the grnrratrir output lead and never applied 
directly. 

Having peaied die if tritisfoi mert, die circith Ls 1 witched tu medium 
wave, (he gi-rierjirnr set lo n typical low frequency (e.g. 540 kHz) and 
the oscillator trimmer adjusted for maximum output. 

The tuiuiig LLijjiirilur ii flini set Ln minimum capiirLty and the 
iocorrl (n'i^crj gang trimmer adjuded for maximum capacity. These 
two singe 1 are then triuned. as oeceasary, Jot optimum results, 

Flu iiLi^'iiiLirnl nf lhf; til/rud riic:uiSs no defect cuiLnerdrin is mad*, h-ut 
the output or live terminal oi'the Hgnat generator is connected tu a loop 
of wire con&bung of two or three mins apprenimately 7 to 9 inch Lu 

dlMWter Vs-ilh a serins rodimr En riiruil of fJP or 300 olmis, Tire lotip 

should be situated about ^4. inch from the receiver ferrite rod. Normal 
procedure b then: 

t. Set signal gc-rirralur Uj u Itiw ro,w, Eriiquciirry (e,g, fk«> 1 H*} 
;md tune gnrig condenser to (he o nrspondlng position on the scale. 
Adjust aerial coil position or serial mmmrj for maximum outpuL 

a. Rrprat with the signal gCWTUJWfct to a high m,iv r frequency !r-g, 
tgbd icHj) and adjust gang condenser trimmer for maximum output. 

3. Repeat operations i and 2 as necessary. 

4. Switch to long wave, set gctuiratoj u> .l lypjcitl frcquetiey in about 
the middle nf die L.w, ham I (e.g, uvii kiln-; -inrl adjuri rise longwave 
aerial roil petition or trimmer for maximum output. 

Where no rngnal generator ts available. alignment must be carried 
Otit using LU used east tl Lilii 1:1 ■. as 1 1 ii- luuifrc ofaignsdi, If im tiulpiiL meter 
v.i:Ii an irnfwjdniipe nf around if5 ohms is avail..11.1 this should br »□- 
nrnted in phice of the toudspeatfr ; or alternatively ji Isigh-resstance 
voltmeter capable of reading 0-2 or 0-5 volts at car be connected across 
the speech cod! to give 0 visual indication of output signal strength. If 
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neither type of mcicr u available, th.i- output dg-nnl strength must he 
judged by ear. 

i, Atrial and fldlm trimmera shnuld be mic m appCttHnnalely die 
mid ■‘point of their travel .ijid l!u- tuning ron^rol then set Lo die mian-i 
position for a luual Malkin, preferably in tbc middle uftiie m.w, kand- 
Turn vnlumr central (c a maxhnnm, Adjuii the qucillator cure us biting 
the station to die correct poini tin tine (lining uilo 

a, Turn die trcHvpr sun that it u oriented in tluc dinrution which gives 
ffleiTJiwuni signal strength. Adjust i^"(i-imdbrnicr cores kr maximum uut- 
put. (Note: if ritiicisiii-y, reduce the volume via die volume cuntrul to q 
min i m om audible signal before adjustment u It it easier to judge an 
inerease in strength of a wciik sb:n.ii audibly ihan an increase in strength 
ol"a strong signal. A mrtrr will give a more poaiive Endiuihui regard- 
Iras of tin triginnl dgnaS strength, but ai high signal levels ihe true out¬ 
put may be ■mndUied by the efTrc-t i f age action,] 

3. Tune tu the lugh-frequency end of die m.w. hand, and jidjiiar the 
usriibitor iHmmed to bring tfcte station into lunr «mart«U with the 
wale cnlibratiom If this prove* difficult or impossible, try -iidjuatitij^ bi-si 
with the serial trimmer followed by the osclUaior trimmer, 

4. Tune to the low-Lrcqntnuy cud uf the m.w. band. It should be 
ptawblc to adjust for nunimwm signal by diding the aerial noil along 
the ferrite Jud. If mi, ii may he necessary to adjust the tudllaitur trim¬ 
mer tuget ngreemmt with the scale caElh ration, 

5. Steps 3 and 4 must thru be repeated until an optimum ndjimuicni 
is realized whrrc acjjnrtmcnt of one end Jiai no dfret on tin- nilur. 

|j. Timing nn the Jong-wave band is not likely to be critical and it is 
usually only necessary |u sri ihe tuning condenser to the calihratnl 
position and adjmi die pcaitkin of die Jong-wavr aerial toil on ilir 
ferrite ixmJ to bring in the station ut. max in .11 in sir - ngsh (or adjust the 
long-wavi? aerial Trimmer, iTCurcljr 
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CHAPTER 10 


INTERSTAGE CONNECTIONS 
(COUPLING) 

A rcv radio receiver ootiskis, of individual stages connected together, 
output to input, reading frem tbe aerial to Uttc loudspeaker (or can- 
ventiusLally left to right on a circuit -diagram),, Thr mellmd uf con¬ 
nection or iwfrimg may be by direct coonccttoa (direct coupling]; vi.n 
;l capacitor (crr.TUi.-f-lUr r fusing) ; or via JL IransfhiuLcr (andWStW l UUjDi'i.'Jl;)— 
sec Fig, bn for duigratnniaLLC representations. It it alto trawy thai 



direct coupling cqSKttj WH^plEng 



traneTomrar ccn?l ing Inductive ccuplir*] 


t-'lg. !ii. t-pii ll 1 jJjfTerini types of Lii nr i-^cjt coupling. 

Lhe output impedance of the 'feeding 1 circuit raanJLti the input imped- 
auL-e on the ‘receiving'’ rinruil, This may ilictatE the type rtf coupling 
requited. Alternatively iiapeii.nnre marching may he obtained by 
adjusting Llit load imped-tnee of the ■’receiving'' circuit, varying the 
nrncium uf coupbug, or interponitg an impedance-matching device, 
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I lif appLkcation of direct cmupling if mainly limited Id interstage 
connn lions where a varying dr volume has to be paa-.ei] tin, r,g, the af 
Output £om ji detector. It can also be used for iEU.rrTrtagc cannectkxni in 
nn audio amplifier, cn any coupling where ‘matching 1 ii correct jud a dt 
os well as im or path can be tolerated, or a ck path ii bcctnixy, Direct 
coupling hits the obvious advanugL' ■ I"LrnjiIicl ry. 

Bath ej.padliLUciH: Coupling ,inc| j nducfive COU pEing isolate UULpul aid 
input ermnedians ns fur ru the passage of dt Is etnirirru-rL, Capacitive 
coupling is aceompEiahed with a sKrir^connerti'd capacitor. Tliis is 
invariably auudfcled with a toad resistance and so is more usnertly 
referred so as RC coupling. It has the advantage of using simple, in- 
espenstve components and is widely used for coupElng low-level 
iitupLibi-rs, etc., in radio circuits, It is not pai lii alai-ly mJiahle fnr 
coupling circuifa carrying rf t when irtik tm coupling is preferred, In 
this the trAnifoftibcr (inductive component) is associated with a c apacitor 
to 'hate 1 die roupling to (hr required frequency and la thus popularly 
referred So os itn LC coupling. 

^Vilh rituple RC coupling impedanre matching ia not particularly 
critical, although the better the match the bencr lIli- peffomuuire. 
Oplimum performance is often best atrlytsd at empirically, trying 
different vula-es uf ea|KiH.:Etw. Almott any value ad' capacitor will 
wi.ct1e. ;ls j, coup dig device for at, but the iimt dpfu(iifi( of a cimift yvill 
determine iu suitability for passing nc friqiumrirs f«r alw Chapter 
4 ). 

TIlr simp Constant is defined as the length, of time, Lti seams!*, 
for the voltage acroai the Lapauiota to reach 63 prr cent of the 
applied ttttf. It can be calculated from the capacitance and resistance, 
via; 

(imr enratan! — RC X jo~* seconds, 
where H = reustajice in olutis 

G = cipidiance in microfarads 

Specifically, the charge,i'dischargt eharaeteristica in n-mu uf percentage 
voltage and time comtant arc presented in Fig. by, 

When it u necessary tn ai ertminndlase a voltage applied at a pardciiLar 
fm^ufucy, mir cycle of frequency implies a working 0 f chaise /dischargi* 
every half cycle. Thus taking a typteal maximum uf [h:ijucncy of ay 
kHr, tit r time ro complete a full cycle is 1/10 non or iriilaisrc-ondi. 
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Kiif fiy Oiwue mmI dlrrhunte times w it eipjtciuw etprennl »ti leenu of Uiu# 
coiuidJii Thin approximately mo per cenr charge or 100 per tens ditobarge in 
it Ju ru *d in. 4 dma the iliua (tiniLuiL 


Since two chargr/disehrugn functions are involved, one positive and one 
negative, the ITiic ehatgE Jii< hai>:c time Id hue half ur iVOOJ □lilh- 
Koondi, 

Taking 1 too ohms os typical pf thr input rrsist.Tnce for ,i low pmver 
tranaator^ i.e. base plus emitter voltage of 1 **>0 ohms I stt Chapter ti, 
tfic time constant for RC coupling is: 
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time pcmsueit i ooo .■ C * e-o _ “ 

= C X 10 1 seconds 

The time to .iri i>mmfiduie a compli-tc cycle ot nj HL lO kHz,, 13 O-OO5 
lELilikecondf. Thus substituting In the rquaiima 

0-005 54 lo 1 =- C X 10“* 

or C = crt»5 microfaradi or itn. 

Similarly, lor passing an rf signal, aay 10 000 kHz 
c = C'tj X la 1 

io* 

■> woo; t iF or lot* 

This is rjimmsdicinry lo the general rule that ‘the ]ii.trhcr the value of 
coupling capacitor (be better 1 , typical valiLci T&ugitig from 500 uT lo 
uj pF, However, use of a low capacity value, rim* giving a fower time 
constant, simply imams that a smaUer percentage of the aj voltage will 
be developed, and di*i;ha:TgEn: 3 p atHu-i the capacitor each cycle. Id 
other wrfdi, die efficiency od'or trarinn inn will he lower. The sample 
c-alculadotu abm illuaii-aie that for a given value of capacitor, lower 
Frequencies will be irnrmn-.Litcd with vioic eJficicjiLy than higher 
fretjnmcifi, confirming the Otijeiual statemenl lha| r f coupling U 
tolerable with of [provided the efficiency of coupling it not important ) , 
but seldom used with r/" bmauae itf the v ltv low efficiency likely with 
practical values of capadton suiinblr for coupling eIliiL™, 

TniHi form era 

A transformer comprises, essentpdly, a primary winding and a 
secondary winding on a core of magnetic mHterial, The art teal form rrf 
the core gosems tlir eddy current and hysteresis Josses. The conventional 
transformer wound 00 it rinsed rtmr:, liiving a continuous magnetic 
tirruit, Li ikj[ normally suitable for u*r with fre-ejurnd™ above about 
30 kills '.i,r. above audio frequencies). Different forms of transform i-r 
art required! lor the Inductive couplitig of ff tirenits, if excessive power 
fosse? ate to be avoided. 

The fjjpju ttilio of a transformer'—or r.rim of number of primary (urns 
to number uf SOULUidary turns—guvrm* bntJi the vnhagv traiufor raliu- 
and the CUXTrnt [Tjlisfrf I j ug. 
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Second ary voltage (Vi) = -^ 5 yc Vp 

Wp 

Sreondary cuirem (Is) = x Ip 

where Np “ number uf turns on primary coil 
Ns = number of turns on iccondary ohil 
Vp — end' applied to primary 
Ip » cUmerit flowing through pjrhnary 

coil 

Is ■= current Rowing through secondary 
coil 

Thr ]unvrr trjijfrr tclutiuidltip is expressed by 
Fo = e x Fi 

where Po ■* power output From secondary 
Fi = power input to primary 
<■ - efficiency factor [which is always less than l). 

Normally a transformer is designed to have a maximum cEEdtncy at 
a paiticuLar power output rating, Efficiency con then be expected iu 
be tower berth at lower m higher output powers. However tesm will 
g-fttscraily decrease with tower power, -md mi iroar. with higher power. 
Maximum power rating u determined by the madmnni tentperttfUf^ 
(hr winding* and/or iiwitatfoti rah withstand, all energy Jcraes in the 
transformer being dissipated in the form of heat. 

The designation primary and secondary is one of TOPvtnhsnte only. 
A [ransfinmer nan Ik (OnllECUd Lu work. The other way round,', if 
necessary, when the specified primary bceoitua the secondary and vice 
vena. Further types of transformers can aUo have a. thiixl ur tertiary 

cull, E-g. :tf Chapter 4 . 

Impadun 

The impedance reladomhip wdlh a iraiufurtticr is calculated on the 
basis of an ideal transformer without kflse*. This i* grnrrudy autiaLicioiy 
iu pruuiue provided the design of the transformer generates rjiuugb 
inductanrr in work with a low magneiif Lutrent at tlie volto^r applied 
to (he primary, 

10? 










HEHtPisaq pasiqMIPQ t*AN* 1PT«R kAPIfls 


The basic impedance rditionilvip then is 



when /p = Impedance locking into the pi imary connections 
Zl — impedance oF Load i cij-cm'l* Ii'ci U'j ie-COiidary 

For iwtfrdma moteki/ig purposes, this formula can be rewritten 


Np. 

Ns - 



III this cum: 7.s is the (amr as iilxrvc li.r. Imptsdiilioe of i >.i(3 emmcrled 
to second-ny); Zp becomes the primary impedance required to match; 
and Np/Na die lurns ratio required co produce ibis match. 

A lypir.al rxample of ihr application of (hli formula b the mat riling 
of an iimplitler circuit requiring a high impedance output load to a low 
impedance load icpiuenird lay a Loudspeaker, using an output trans¬ 
former. Suppose the load impedance inquired li( (hr amplifier output 
is 5000 ohms, This represents the primary impedance required,. A 
typical loudapedkct impedance ill G ohms lIlllsl, fur malchlnj; 



In other worth, the primnTy winding of the transformer should have 
25 times 2a many turns as the secondary winding. 

Inductive: Coupling 

Coupling by meant of the mutual inductance between two coils or 
in dm t\ tt LvUjfu'i^ works on a nsn£lir principle to that oF a transformer, 
Llil sinrc any pint of the: 1:;:nr 11 Iir field art up liy unc toil Cilia llin 
irronrl coil the simple trnnsJbnner formulas no longer apply. Abo (he 
degree of coupling achieved depends on the proximity of the two coils— 
che closer they are together die 1 Ll-Iuls ihc coupling,, and vice versa. 

TJir Lighter thr coupling |J:d more 1 hr set-up up mil is- os if the scvuikI- 
ary were Min ply tapper! across [hr oorrwponding number of tumi cm 
thr primary- Fig. bB. If the input circuit is tuned to rrsnn-nnre, ihen the 
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equivalent circuit is shown on the right when the resistor represents 
load resistance on the secondary iuil with the euupiing coil: effectively 
working as jji aumteanxlhniter. 



looin iiiypf na Hah 1 '. ccupling iKyjlvalcut circuit 

Hr, ftfl for 'lighter' inductive coupting it, die Biorc d«cty It ujjjmundhEi direct 
cc'jpl.ris; in ftipui idml rirruiE (but pruviciag a lrfacking pith, far Jt ) 


In practice, by adjusting the number of turns on the secondary raiil 
;nn I,'nr adjustment of the tightness of the ttmpEiug, the impedance of 
(he tuned circtilL cau Lit- atljujird for optimum operation of lIlc circuit 
fur which the ici-ondary is providing die input. Fur any degree id 
coupling, maximum transfer oF cherry Ls, obtained when the reactance 
□f the tocondary coil is equal ti> (he mirtsott of the Load. Reaetanci: 
oan he calculated directly from ttie inductance uf the coil and ihe 
(rrqitrncy of the signal current, vie 

Reactance (ohms) — a-n-n. 
where f is (hr frequency in 11* 
and L is the inductance in heneys. 


Decoupling; 

The object of duetplatg Is rn prnvent unwanted signals present in imr 
circuit or suir;i of a receiver being introduced hi another stage. Usually 
It la a preceding stage which may be effected by mfttdb&k. Single stages 
Ve normally coonmcmly q wwmcM throughout: to provide supply and. 
return tines from a attipflc power source (i.e. the top and beutum lines 
in a circuit diagram 1, It b obvious drat theft it plumy n f wripr for (he 
tfaiumJiciLim if feedback. 

Scparatkin nr decoupling nf uuc siugr fmm the previous si age can be 
accomplished using a component nfTei-ing high impedance to the 
unwanted feedback. It most Lw p. conductive device to put d/ on to the 
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preceding rta.gr 1 , bbt nairtanf v fw component iit the frequencies that 
have ra be eliminated. Thus ii t ou lei be an RFC choke, or mure norm, 
ally, a resistor. This series laHmeeird! eotppcHrart is lIHbh uSim-Oy assucE 
uird vi-iih a capacitor effectively pamUrfed across the supply Fig. tig.. 
ftrsisLon can be surprisitigly effective in this respect as 'filter', with 
decoupling completed through (In' capacitor. They ran also serve 
nmuttatieouily as a voltage-dropper when die preceding ssugc requires 
a lower operating voltage Lh.ui die fijiLowilig uln:. Fur n;im]]k l lIlc 
output rt;igr in a mndticnie or high power amplifier commonly requires 
a higher operating voltage than die preceding stage. 



Fig, 1 6gi Subind ■ih-iSm*) erf ilecanjiln.i; u preceding iu^ from feedtar.k nf 

unwanted signals 


In dmair drslgns decoupling components use often easy to identify 
by die fa ct that the capadtor iiiSnjwn with an rank symbol itnHiedEatdy 
below it. This u done to avoid drawing a connection down to ihr 
bottom Jin:: uFthe diagram crossing 1 a number of other linea oti (he way. 
Thr adjacent series connected resistor in the 'Luja f line will then lie 
identified aa the closely associated rrsintnr (as In Fig. 6g, right), 

Similu considerations apply if the circuit design u drawn the other 
way up to accommodate tt versed supply polarities, Conventionally the 
'Lop' line in .□ "irruil iliji^r.niL i , ciuidc tiic — line US regards tile supply 
polarity, and the ‘bottom 1 line the anatM eurih nr iwgailvc tine. 
Thia convention cannot always conveniently be WQowod. 


CHAPTER IE 


FIELD EFFECT TRANSISTORS 


F ield effect transaFtors (FETs) arc another gjrnip oFtemiTonductriT 
devices which differ .vtiirt anti.illy botlt in construction and dur- 
flcteristica from conventional transistor*. In lart f almut chu- criily thing 
they have in common is that their power requirements are low. Their 
actual working eharacterirtiidi are more like ibuse of a thermionic valve 
than a era jut? tor. 




CIEflv 


drain 


gala 


rVlMn 



Fig: JU Field rlF-ed trunnion sbavm la diafcramtnatic end piRil.M,J|e Ibrrrtfc. 


Construction, in <'ticct, take' the form ol a channel of N-typc nr F* 
type semi-conductor material encloocd for part of ita length by n collar 
of upfOrtEtr type material. One end of llir riiamul js called (lie SiHIKf 
and thr Other rnct ihe drain. The collar forma a jk shown in Fig, 

70, i'bi* diagram aim annotates the respective symbols fur ,V-chajiiui 
and F-chsmnri FliTk. 

In um.pk irtms, the FET works as follows. Application of a voltage 
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acrosi each end uf the channel will eaior 4 current to Jlow Boo soutii- 
In drain (with electrons flowing frewn drain to eoiucc},. Application of a 
vr>ltjigc to the gate *0 thaE die gaLe u latflwith rrpect id Jit ioDil^ 
will reveree-bsA* the gate wiih rcipmn (■ source, channel and drain, 
fusing a depletion. layer to lx farmed \\t* tlboprcr t ) \. This is equiva- 
l r nt to creating .i Ctinstricttori for the current how from source to drain. 
The highly ihe gate voltage the greater the coDBtrinioji, until rvrniuilBy 
tin; source-drain current ii reduced to almost i.t m. fJonnecticmi of 
these two BOLtfrasof voltage are ahown dlagrammaticaily In Fig. 71, 



M-chamal PET P-ch#t<wl FET 

fiir- ? I Supply and. bLu prjiritia asodated will) M-c1i!uuieL mid r-diiDisd 

FKT* 


Only a relatively snufl gair voltage is needed in effect a lar^i- K.>urcr- 
io-gain curreni iljuugr, » the device work* ns an arupLilirr with good 
gain dioiat ii risiirs, Since (he n-nninal is aiwayi rcve-rae-bijjed, 
Jhe nwtance between the gate and the rest of die device lj very high, 
i,e, an FLT inherently has a high ifljSsi io,LdimrE, usually die order of 1 ta 
jo 3 megohms. In this respect it u similar in churaclenitia to a uiode 
valve with the gate equivalent to the grid, the swums equivalent iu the 
cathode, and the drain equivalent to the anode. 

It is also a charaLMirutk of an FET that it has a vrry good per¬ 
formance -wkli high frequency signaEs, maJdng it particularly suitable 
for use ill r/ dnruiu, A further advantage far such drcuiti is that it has 
cxcrlkni Cnw noise characieriiiira. 


ri?-Ln SETSdCV transistor* 

The type of FET described is, in tact, more correctly called a junction 
FET or JFET. There is another distinct type known os an insulated- 
gatr FF;T err IGFF.T, Arlhc name implies, Itic gate J ruLlar’ lS imulj|cd 
from the channel by u very thin layer of insulating material, This hns 
in even higher input impedaitce, typically of die ..-rdcr of ia* megohms 
or more. Ti is also a more Hriuble device since riihnr a positive nr nrga- 
rive voltage can be apptied to the gate. With a JFET, the polarity of 
the drain supply ii oegadvc for ll F-ebarmcl device and positive for an 
N-tbannel device, with the gate always revene-binsed {i.e. opposite 
polarity 10 that of the drain). 

Field cflett liwndtiora are- abo made with two gales —a iigwl jfdle 
and a mrurpf gait. These gates ate effectively worked in teries. Such 
devices £ind a particular application in [/"and tj umpliiLcTS, and rtibtiTS. 
They may hr called MOSFKTs, lllhiiugli tlsLi drarriplion is abtn 
applied to tingle-gate IGFt'Fs. 

It can also lie mentioned ih.it FET5 tuay be clarified as drploiaa 

mode nr nchirmrenunl nr^jf ilriiir:. The differcui E really refert to tlir rffEtt. 
of applying the gate voltage. DrpUtiwi wW* reduces or depletes the 
current [Lowing through tLic ctianneL F.'uidflrrtib'nj: +tt.::d'e Lncreji&CL or 
1 ■ nh l: ir 1 >:■ rllir curreril Unvditg iu tin? ehantir.l, Thui JFETi alvmySI woet 
in the depletion mode, whereas IGFETs can be made to work either in 
LhedcpknotL mode or erLhancemcin inucLe, depending on the polarity of 
[hr gale Voltage, Fjliifir 1 ypr 3 of FF.Th cun l?C H:CMtJOUOCd which KuVC 
lyr channel as such, and thu.i no current flow* wiih kto gate voltage. 
Application of a gaoe voluge then causes 1 channel to be formed, 
tliftjugh which r.uuriit Inwi. ThuSu: ;ur tlitfrEm etchiniflnnaJ made 
devices. 

Working CLuiaUrristics 

Guiput iihunu UTMtici uf ilii FF.T uire given in irrun of draiu voltage 
Vp and drain current !□ reltKed to differ m vaJurai of gate voltage V*. 
'ITie hrst two descriptions are synonyinous with channel voltage and 
channel current respectively, foi wIhlIj ule alternative abhreviarkmi 
are sumcdmrj Used, 

VnK — chanr.e] ynltugr (or voltage belWTrn drjin and (OUTCC) 

Ins = channel ctLTTeni (or cunenl between drain and source) 

Gate voltage (Vo) is also somedmei quoted ai Vos (gate-to-source 
voEtagcJ^ 
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Chn™ctrrwtic curve* arc simitar to chose afeGiivtiutEuEi-Ll tmimsEOT* 
Fig. 75. The main difference ir. that ihc mivp tend to flatten out rather 
Itflj giiidually, 'bottoming' voltage is higher, and drain volumes used 
lend to be higher than transistor coder luc vultugw. 


or 1c voltaje 



Tig. 7» 1 !!..»■ Hri'.ir: hi ei :;irr¥r3 uT a *inalJ i"ET. 


Mutual nanditeftnC* dnuucl eristic^ as expressed in terms of chumd 
n.iTTr nil 1 gate voltage curvee, are essentially similar iu Lluuse «f valve 
anode current/grid voltage ctirvsi. 

FET Circuit Deugn 

The following description applies to FETs working in eIic depletion 
mode, when the gate t'olugr u always idoppodle polarity lo that of 
tine drain. A basic working circuit is xhu-wn in Fig. 73,, where ftO is the 
gate bi.ii rc si Mo [■, RS is the ■si-nUitirzing resistor associated with a cap¬ 
acitor Qs to form a stabilizing load; and Kr is the drain rniiiur or 
drain load. 




ins 


fli 



Fig- 73 N-cha-nncl II I' unjpliftrr rimiii- WilJi m t'-r.liiiLiirf FET die s.ippi- 
piluuiY-M'i'.ilil tin 1 evened,bur th*arci.i: n-dien^ise iilailicil. Kcquirnlccinpurirnl 
vkliK* air din:-itss<d Ui five wst 


The required (negativei gale bias can be set by selecting the valm uf 
RS to bias the iiHide pantivdy to the required extent Tbit will nbo 
tend to Flabiliitr the channel current against any spread of l'”ET thar- 
attcriaiks. Further stabiJiring cifect is produced by capacitor Co iti 
parallel, F lT< i lively, tin- higher die value of the better in providing 
stability, although this will Ik- at the «|iOiSi uf a Inu of voltage through 
Lhe channel Also, and even mare ngnilieimi, a the tvcl (ha* esccuive 
gate liias may be drvdupcd in this way, 1-lence RSia generally restricted 
to a moderate value, >dthough Ra cjhuM he lidded as shown to form a 
potential divider to limit rue gnre vohage tn the rntjuired value. Tibs 
is liol i particularly attractive solution as the value of R:z nerdi m lw 
vat-eirautialEy grrarct than Rf 3 , which itself is normally ol* the order of 
in M ohm. 

With negative bias, gate current is normally znro- The purpose of 
RG is it> huld iti* gate at normal zero potential tinder these condition*, 
hmn the high value, Equ-diy, eapadinr Or is necessary to prevent any 
direct dc voltage reaching the gair from the input. If the titfnal source 
contain! no. such direct voltage. Then nnlher Ct m- R,<a are necessary* 
An example of mis is when an PET amplifier stage followt a tunod 
ji'ilal circuit, win: u ir can be directly coupled to that circuit if preferred. 
An example uf a higlwperfmitatiee Lireuit utilizing the favourable 
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Fitf, n MdJanl dtsjira Guf a □■(me.i.ivt'U-liaied FM inner uajnj a BFW ni tirtd r[J K t Cranutw in lie tj i.ifigi: nipr, 

AJ1 campon hue vjduei we ihiwn, on Ibe drawing. 


FIELD EFFECT TJt ASS]BTORS 

dunctsuticE of ?in FFiT i* shnwn in Fig. 74. Tbii ii a Hi-Fi FM tuner 
rii-. iii l (Ly Milliard !■, and also illustrate*. application *& tin kniii FET 
dreuit rfrsigii fcattun Juft ileieribetL The aerial input diniit is traru- 
Jijnncr-coLipled to titc inpu-t of thr FET, dupm^ug with. the u«d Tor 
a coupling capacitor. £k subtLizudan is provided by a voltage divider 
for die gate and a sjuth- riLusLajicc ciiTBci ahira. The IbUDwhig dreuitry 
is a conventional miscr-usci I lator, which in turn wtiuld Lc H:>J]u^cd by 
;m if amplifier u::.il audio ajtiptdier, 

































































CHAPTER 12 


MISCELLANEOUS CIRCUITS 

Tone Caaimb 

in lu ainplrst Hinn n tone control is an ckncnur)' tuned qnniit 
comprising 3 resistor and capacitor in irriei applied ;n™ the primary 
of the output ir.Lnr.i--rii ii r, or the output. Ii if designed to be 1 tunable' 
over die audio frequency range to be covered, the itsnsiur nrinn.ilJy 
bring die adjustable cnmpuiLciLC- 



Fig- 75 EJenwmary cane ctioircJ circula apjiLuvt m-rf*. ihu- (wipul traiufuoncr. 


Eidan a $ k uluu wr in Ic dun poErndsMUEter can be used for the 
irautor, associated with a capacitor of about i pF to to pi 7 . Tleis will 
give a reasonable lone control eftect of audio frequency up m 

the order of about io kHz—Fig. yjp Iis effect on the qua lily of reproduc¬ 
tion wfll be fairly poor, bin that la jaui ntcwdljf significant with a 
floiali, Ww-pawer AM naedvo' with a small loudspeaker. 

II& 


SilSGELLAKEOUS CIHOUlTS 

A better form of simple ton* rtmcful Is shown in Fig. ?&, cnaiuiiiuj 
of a series re*Onint clreuiL for treble cut aod a parallel resonant circuit 
For liiiai. cul Each has ju own separate control via a potentiometer. 
Mid-lVefiuriidcs should br ht(Jr alTcCLcd by adjustment nf richer or 
boLh treble and bail cemuoli. 


lujtio oJt tau cut 



fair- yti FracLiLBt lime conlnJ ttreull widti sepirait treble Nnd W±i coficroli. TTiii 
wemid miii.ijJly bt potLlimnrd in from erf die .i.idio unplalkr. 

Tin: most suitable position ttt a receiver for a tone L-nuutd of this type 
would be ai the input of the audio amplifier (fie. btMttfl a detector 
and amplifier] , and it is especially suitable lot use with convrn.tfen#d 
■j-tJujiiisiLCir audio aisiplifice circultB commonly used on Jaw and 
medium power receivers which employ feedback over iwu ut* more 
stages. It ii a ‘■passive 7 type of coning arid ibus cannot intrriducE 
instability in the following amplifier circuit*. 

OmiulLui abiy more el-i-borate tune lo utro Is are (urd in HL-Fi drcuiiE, 
the object being in achieve a HibrtMrtiaHy (Lai response curve dyer die 
middJe frequency mngt with iuEnaangly progressive boost and rui 
(cNwardi each end frequency. The circuits may he of 'passive" type le.g. 
BasimHal]}, ur ‘‘active - tye. The latier are normally tewed on fictjueney- 
dependent ferJbaek nerworka befwetei the base snd collector uf a 
iiausistor and iherrfurc ^atuim he used in preceding circuits which 
themselves inccrpcumse irr d Ii;li J. without risk of intrndtuimg LmiabiSity. 

Power Supply 

]r in often niuiL- Convenient—nr rrimuiiiie—[O power a 1 ransiaLOif 
radio from the maiua rather than dry bnit-niei. This requires a inpamtc 
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form sup#* cimih (vfhieh br bulli into the radio ain-upt if rtq uirrd; „ 
cap.iL' i: o[ supplying (he required circuit vrdt.igr and maximum 
L.uurii; needed. In itieory inch a duty cun be provided Uy .. sie-p—d.iwh 
transformer with full wave rectification added, togedu-r with a. smooth- 
jn K cap ad tor—Fig, yj-, A bitdflt: circuit ia DOimally (tied, Ewnwever, as 
brajig lest wasteful of input power, 



6 

DC aUlpUL 

Fiff. jy fl.snpJE EmlT-wBw PMilied dr supply from a tmirfwieicr. 


molnc lmnrfnrrn*r 



Fl«. jfl A mom pjarti. ,»l farm or A j»i*er nrpjrfy. DM*, m type EYlti* or 

flyjunilBEL 

A typical jiowct supply efreuit is shown in F'ig, 7 B r the diode rec tiffiere 
beum chrehMin according m the actual power requirements, hr, capable 
nf carrying the maximum forward current in die output circuit. TArre 
will be some voltage multiplication in this dn=uiir H typically nf the 
order of i-gx. so the ttajidiirmer ratio a rhosen accoidingJy, for 


tao 


Si (seeLLAMQUI 0 [AGUtfi 

example, if a revolt output is required the 'voltage' mu] tip tic o don 
charactrjHsfic? impty thuL transformer output voltage X i-g = a-a, or 
a transformer step-down ratio should give la/rg = vnlrs, say 
to volti. hi pr.Lccicc the actual output voltage ti not nHiira], provided 
it di the resulting load current don not excircil tlir ratings nftbrfcmj- 
ctmductor device* powered by this circuit. Neither ii die choice of 
smootlujag capacitor value parti mi Ur ly critical, provided it ii of the 
order nf 10O pF, or gtirj-njr per watt output. 

Tuning Meter 

A infirm nfftr or apfiul rurirr indicated the stimglh of the signal Enin 
which it ii bdaig niped. It also serves as a tuning iadkutur, m.udntum 
meter reading inddeariug dir optimum tuning for that particular ■siatiun. 


□ 1 too- IK ohm to«. d#im 



t"i(T. j’j Tuiunig .nd* alur eircutc "Hie diode (Di|. cdii he *riy ly-p* [gemunliun 
pc*Ui-runted preferred]!. 

Hie obvious point to measure a signal snnngih u at a 'tapping' point 
Lu thr detector stage, w> arranged [fun it Hittws only a minimal current 
and thus docs iioi dc-yTade the signal strength. A serial i Jr high resistance 
drctlit il shutvja in I’jg, yg, feeding;! microauitncirr, A small proportion 
of detector current is tappet! hy thU circuit, trctiiied by ±c tlitxle: Dt 
and furthrr filtered by iht: rennot and t;apux-itor. High drcuii mU- 
atit-r Id provided by thr- cn i; ohm poicnlinmcter, wbida furtlirT iicfi as 
un initiul adjintenem to set tfic ibclct at *ero wath thr %r.t iwHcIlccL do, 
hut in the abarmr ot i signaL Tine meter itself should hwve a o— to 
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BO LOIN a AMD DE 3 ION J Ji C. TBtAKSJHTQa UADI OS, 
JBiawmp tsingp, A rmn i.iliiTr «]gr.lypr niwr ii li'sli illv pw-firprcl. fnr 
miHfUCtlUH 

II is also possible Lo "up 1 tlie agr liibe fur a tutting merer cui iccil (e.g. 
in iuprrbrin.}, only tn ih:i case j< is usual to employ pi tmttiiior to 
amplify the van a dons in agf voltage and measure the changes m the 
collector curpenL 

Buttery Condition Indicator 

ILiUn * tajudil inn can be iju Ijc.ilrd by .1 | sarutlvi rcl circuit voir.pnvi rcg 
a resistor and a mil liammrter or nucroammetf r—Fig. bo. The val ueofthe 
resistance and meter range is chosen, to give a fall range reading at 


Emten 1 



maximum battery voltage, ibis reading falling „ t $ J k e condition of (be 
battery deteriorates. The value oT R r.m ihm lie ralcntated fromt 

^ _ battery voltage 

muimum mjpr oJT meter in amps 

Thus, using say a 0-1 millianimeter associated with a g-voft battery 



trooi 

= 0 OOO uJlL'i'iS. 

Tliiis high ircaitiuiLc circuit, drawing only ■ imJLiamp at a ttwrmum, 
erujid Ex: left in i-iimii icmrinnysLy-, if is generally advisable. however. 


MJI 0 RL 9 .Ateit 00 l QlfcOUlT* 

to isolate thr battery condition circuit with a separate switch Sa. Jt is 
then only operative, b.e. indicating battery condition—when S2 i, 
depressed. With this airarigempni i| is also prartiral to use a lower 
resistance circuit, e.g. to accemimodaic a 0-5 mtiliamp meter. 

It Bimuld be noted iliu battery voltage under load (with St and S3 
do*wl) will Ik IcA than the nominal battery voltage. Once the battery 
voltage Tails to less than Bo per rent ol' the nominal voltage under load 
Lit the I.asr: nfaH>On~dlb( Crib, the bait cry has dclntiuralnl In a Stage 
where it shouM be replaced. Lowering of supply voltage in a transistor 
receiver stormaliy introduces distortion, furtticr aggravated by turning 
Up tlin Volume mjBtral to Compensate foe (hr Eim nf output signal 

strength, 

A more practical form ol battery condition indicator ts, therefore, 10 
U2 l- u pi itcn Iuamet it irir R < r.g- a Id 1 ohm [XJtrnrirmLiUi'r :i. tin raumpk 
Above), so that with a fresh battery the meter can be adjusted initially 
10 give full scale reading under load. The meter scale is then marked 
at Srt prr rent full v::lI^— at t>'fl mtlHurnp* Ift the CMC 1 if ;l 11-1 tnillLump 
meter. As long as (he meter reads in the range Bo per cent-100 pee rent 
full scale reading {Lc. bcLwecmo’B-i-a milliantpsui the example quoted}, 
the liam-17 1 m in ‘gnnrl 1 Condition, Any reading Ww thr (Jo prr rent 
mprk indicates that she battery needs replacing. 

Impedance Matching Netwiirki 

The simplest type of impedance matching is by *ts L network, 1 if 
Left Eiand circuit shown in Fig. 0 s is applicable when the desired 
impedance R (m is greater shun ihr I -,li I re^guici R. The accond 




►‘1ft, Bl ImptduiH mnihlflf nerworliM. 
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rfin-j^riLrn ;hcws the circuit which cau be u*ed whm the denied imped- 
race Ri„ is leas dnin the load rexistnucc R. The following cahuLations 
apply: 

Rlh grtMer than R 

X t 


X c 


V R.Rtj - fe ! 

ihRii 


Q of circuit = X U i'R <tr ftjj/X c 


Rm teia (hsm R: 


X* 


R-Ri. 

X s 


Xc = R. / 

\ R — Rhl» 

Qofdrinot Xi.'Rin or K.)Xn 
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CHAPTER a 3 

checking radio circuits 


A universal mripx ia the durf tool used for checking or testing 
Irauriwor Hrruiii. It should he capable of reading volia^ii up in 
25 valca and currents up to 1 amp ur 5 «np*. For voltage nie-iiffre merit 
it should have a irijiiancr of al least 2O1OOO ohms per volt' and fur 
raiafinK* me-nsu remet its an output terminal voltage of not morn: itan 
1-5 voJiB r aa a Ji-trlu: voltage cmdd JamiLgr tranmrtcin or electrolytic 
capacitors when 1 in 1 melee probet ire applied to the circuit. 

A dt voltage cliecfe across the cnuiLcj taaiLor of r-ich iransirtor pro¬ 
vides 1 Ln almost votupletc check no ibe rfr conditions and will show up 
such j”lm 11 iis component failures or open-circuit joints, and also du- 
stogc ai which the limit is present by the wrung voltage trading at that 
stage. The [kuh can eliui be expected to be confined to- components In 
this atunr, which ran hr checked individually if else fault is nut apparent. 
If individual neniton need checking, It is best m EK,da(e chr cnnipnn. 
entfs'i for test by unsoldering the: connection at one end. If this is not 
readily pi issiHe or desirable, e.g, there may be a number of eonapobeoLi 
to lest in the stage, the stage transistor (anil the Huge) can be isolated 
by unsoldering tiie bast lead cd" the tnuuirto;, A heat sink should tie 
used in order to avoid brat damage to ibe transistor and vnA llie have 
lead should be removed fium the circuit. 

Capacitor faults will not icliuw up n:i a rlin-S;, tmless the capacitor 
is short-circuited, In. |tu case rbe fault will disappear (as liar as dt 
voiiagu mr.iHUTemrnts are concerned) as suotr as die Eauliy capadior is 
dhrormected. Uy-pam capacitors tan In rhei ked for open-circuit 
faults by temporarily shunting with a 0*5 ;cF capacitor. If this produces 
au inufisc- in volume wiih the set iwitched on, the original capacitor 
is tidirf 1.1 nicy or of wrung value. 

The a 1 .- working nf a receiver can unly hr checked latbfactorily by 
signal injection. Staiidard pngalwc » in feed. an audio-frequency into 
the audio section of Lhc ni-river, starting from the output stage and 
working backwards towards the detector. If all die .ludio staiges work 

i *5 
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ijiiafuiKcmly, the if stages arc similarly tested nidi the signal geatfator 
vrt to die intermediate frequency modulated with an audio-frequency, 
finally thie radio-fir gurney jicpgn can he Lcsted by injecting a radio- 
&ci|urnH-y signal modulated with an, aLuIiu-frequency. 

In other words, ui test die ay working of the complete nrC-civcr an 
appj cipriate is injected at each stage in lutu, Jtwtingwith the last 

nagr and working back ta the froiii end. TTte faulty stage wil] tfiiuv up 
as the ftrat one wiiirfi doe* not produce any increase in the aitdio- 
rrequciuL-y Output, or yields no final output at jlI]„ The neccaary signal 
“ usually best injected into tier tsMjm of the appropriate u-amintrir ..i.c. 
that particular atugr tr-inHstor:, via a suitable i-eiutur in srrics to 
1'iiiuri’ current drive. A suitable value of rnhtcir is ao iuJoEimb. Having 
found the faulty stage Lt Ls dies nccewaiy to check die components 
involved, in turn, in order to detemine the source nf ih<' fault, e.g. it 
COuld hr nothing more than a faulty cuirpJinjr capacitor. 
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SET UP Y0U« OWN MhFIt 
A H EG INNER r l GUIDE 

R H WARRING 

Ri.’ir'iivj weih the- funds roe Male. First rha 
author p-KpliiinG wli.i 1 hMi really niea-^s 
and the Technical tvnns which go wild n. 
This makes meeninglel Lhe mass t>l pur- 
fnrrr nn-f f yi iff:. Queued by n ia r.uffi CTJ 'er5 
of equipment and upon width iha 
i«:hnica1 me^ts c-a^ be us^isswl nr>d 
rcirr.pnrarl All Iha Vital dale is. CfuviOBO. 
in feci, far choking iho right type ut 
nquipnwtii—with the aeppe. adutnflugM 
end disadvantages ol HlteriMlIve systems 
being fully doecribad. tnrn piece aystHirai 
nrir then dealt with in detail wftfi pin 
iku in r emphasis un marching. setting up 
and [eating to end the tmn ppssihle psf- 
|p,jmi«nce Irom C3Ch COmpononi Pitch 
aspACI is dcxcrlbad with the help af clear, 
UTlarmaiive diagrams of the kind which 
■ iv.‘ l >-1 »ii be«n accepted ae e valuable 
fpatur® nl iho .luihcn a tech r icai writing. 
In® book wdl cj|v» artyMte a IhPtdugh 
gruundiiK! In hi-fi a»*d continue W «rva 
os an ilFummating end essential guide 
even when "a (nr »l»F niches the ekpatt 
uta^e Mc-ie Important EtiH. it can divorce 
the hi-fi eTithualeBl—and pad'Culedy 
thoae with Imimd means—from the 
hecBaaiiv of obtaining espan opiniem' in 
choosing. mwtclung and setlrnn up hi-fi 
equipment, which wo- often results In 

unnecessary enpar.55 and ur.saiiifiictury 
mulls . . . especially when I he 'aaporT ts 
a salesman rrihi-r i' j h technkWl 

'A uaeful book of reference- The cool, ip 
oquivalent to a sli months' subscription 
to a hi-fi rnuflurina'—CovsnCry tVefliTfiip 
Fetepraph 






Other books by R.H, Warring 


MAKING TRANSISTOR RADIOS: 

A BEGINNER’S GUIDE 

This book covers just about every type of transistor radio receiver 
which the amateur can tackle, and develops these from she basic 
crystal set to the advanced superhet modal. Each stage has been 
carefully illustrated with the authors own iina drawings 


BEGINNER'S GUIDE TO RADIO CONTROL 

Ideal for tha model builder who wishes to understand the elements 
of radio control operation; how to install it how to make the moat 
practical use of it end how ft works. The book has been extensively 
revised to take into account the latest multi-channet proportional! 
equipment for use in. modal ships and aircraft. 

HAM RADIO: A BEGINNER'S GUIDE 

An Introduction for the enthusiast, covering the whole field of 
equipment, maintenance, receiving, transmission, the language of 
the air' and licensing arrangements. 

BEGINNER’S GUIDE TO PRACTICAL ELECTRONICS 

R, H» Warring introduces the reader to tha meanings of technical 
terms and symbols used In electronics and gives an easy-to-follow 
survey of basic circuitry. Among the projects covered are automdiji. 
flashing lights, burglar alarms, sun-powered radios, electronic 
organs, amplifiers, hearing aids, oscillators and radio control 
transmitters. 

MAKING YOUR OWN ELECTRONIC GADGETS 

Following the great success of Beginner's Guide to Practise! 
Eiecirooics,, this book takes a slightly more advanced look at 
electronics for the hobby enthusiast. Tha projects bring into use all 
the latest types of semiconductors, including FETs and integrated 
Circuits. 
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